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(54) VLA-4 INHIBITORS 

(57) The present invention relates to a compound 
represented by the following formula (I): 
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M (I) 



Y 2 A* 

(i i i) 
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(wherein, W represents W A -A 1 -W B - (in which, W A is 
substituted or unsubstituted aryl, etc., A 1 is -NR 1 -, single 
bond, -C(0)-, etc., and W B is substituted or unsubstitut- 
ed arylene, etc.), R is single bond, -NH-, -0CH 2 -, alke- 
nylene, etc., X is -C(O) -CH 2 -, etc., and M is, for exam- 
ple, the following formula: 



(in which, R 11 , R 12 and R 13 each independently repre- 
sents hydrogen, hydroxyl, amino, halogen, etc., R 14 is 
hydrogen or lower alkyl, Y represents -CH 2 -0-, etc., Z 
is substituted or unsubstituted arylene, etc., A 2 is single 
bond, etc, and R 10 is hydroxyl or lower alkoxy)), or salt 
thereof; and a medicament containing the same. 

This compound or salt thereof selectively inhibits 
binding of cell adhesion molecules to VAL-4 and exhibits 
high bioavailability so that it is useful as a preventive 
and/or remedy for inflammatory diseases, autoimmune 
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diseases, metastasis, bronchial asthma, rhinostenosis, 
diabetes, and the like. 
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Description 
Technical Field 

5 [0001] The present invention relates to novel compounds or salts thereof having inhibitory action on VLA-4 (Very 
Late Antigen-4), and medicaments having these compounds as an effective ingredient. 

Background Art 

w [0002] A main pathological feature of inflammatory and autoimmune diseases resides in accumulation of activated 
leukocytes on a damaged tissue (inflammated tissue). A process of leukocytes from migration out of the circulatory 
system to transmigration on the inflammatory site involves four-step cascade reactions which interact each other: (1) 
adhesion and rolling, (2) activation, (3) firm adhesion and (4) transmigration (Springer, T, Ann. Rev. Physiol., 57: 827 
(1995)). 

15 [0003] First, leukocytes adhere to the vascular endothelium to a slight degree and roll on its surface. Then, activation 
of cells mediated by soluble chemoattractants occurs, which starts formation of firmer bonding between leukocytes to 
vascular endothelial cells. This firm bonding successively causes adhesion and transmigration of leukocytes across 
the space between the vascular endothelial cells. These steps occur continuously and each step is indispensable for 
occurrence of leukocyte transmigration. This also suggests that leukocyte transmigration is controlled at each step. 

20 This fact provides many interesting themes from the viewpoint of pharmaceutics. 

[0004] A number of receptors in vivo are known. Among them, receptors taking part in leukocyte transmigration are 
characterized in that they belong to the cell adhesion molecule family (Carlos and Harlan, Blood, 82: 2068(1 994)). The 
initial adhesion and rolling are mediated by an adhesion receptor called "selectin". Firm adhesion is mediated by mutual 
action between integrins on the leukocyte surface and immunoglobulin superfamily molecules expressed on the vas- 

25 cular endothelial surface. Both of these integrins and immunoglobulin type adhesion molecules mainly participate in 
leukocyte transmigration. Whether leukocytes pass through the extracellular matrix or stop at the inflammatory site 
after transmigration depends on integrins. 

[0005] Integrins are a large family of heterodimeric glycoproteins in each of which two non-equivalent a and p-sub- 
units are associated (Heynes, R., Cell, 69: 11 (1992)). There exist at least 16 a-subunits (a-1 to a-9, al_, aM, aD, aX, 
30 aE, Allb, aV) which are different each other and at least 9 P-subunits (p-1 to P9) which are different each other. Integrins 
are classified into subfamilies based on p-subunits. Leukocytes express many different integrins including a4pi , ot5pi , 
a6p1 , a4p7, aLp2, aXp2 and aVp3. 

[0006] The integrin a4p1 is known as a very late antigen (very late antigen-4; VLA-4) or CD49d/CD29. It is expressed 
by monocytes, lymphocytes, eosinophils and basocytes and serves as a modification factor to be a key in various 
35 inflammatory deficiencies (Helmer, M. Ann. Rev. Immunol., 8: 365(1990)). The integrin oc4p1 functions as a receptor 
for vascular cell adhesion molecule-1 (VCAM-1) and also as a receptor for fibronectin (FN) of extracellular protein 
(Elices, era/., Cell, 60: 577(1990)). 

[0007] In recent years, it has been proved by the below-described studies that selective inhibition against adhesion 
mediated by ce4pi/VCAM-1 will become a solving means for the treatment of autoimmune and allergic inflammatory 
40 diseases. 

[0008] Described specifically, an in vivo experiment has proved that a monoclonal antibody which blocks the pathway 
of a4pi /VCAM-1 has anti-inflammatory effects and retards the progress of the diseases (Lobb etal., J. Clin., Invest, 
94: 1722-28(1944)). In addition, reported are suppression, by an anti-a4 antibody, of both antigen-induced airway 
hypersensitivity and accumulation of leukocytes in airway alveolar secretion in guinea pigs used a pulmonary inflam- 
es mation model (Pretolani, et al., J. Exp. Med., 1 80: 795(1994); suppression, by a4 or VCAM-1 antibody, of eosinophil 
transmigration on the airway of mice used as an antigen-induced model (Nakajima et al., J. Exp. Med., 179: 1145 
(1994)), retardation or suppression, by a4 or VCAM-1 monoclonal antibody treatment, of onset of delayed dermal 
hypersensitivity in mice and monkeys (Chisholm etal., Eur. J. Immunol., 179: 1145(1994), Silber etal., J. Clin., Invest., 
93: 1554(1 993)); a model of cardiac transplantation rejection due to (incidental to) specific immunosuppressive action 
50 (Isobe etal., J. Immunol., 1 53: 581 0(1 994)); graft versus host disease after bone marrow transplantation in mice (Yang 
etal., Proc. Natl. head. Set. USA, 90; 1 0494(1 993)); and experimental autoimmune encephalomyelitis in rats and mice 
(Yednock, et al., Nature., 356: 63(1 992), Baron, et al., J. Exp. Med., 1 77: 57(1 993)). 

[0009] In addition, there is a report on significant retardation of the onset of diabetes by administration, to nonobese 
diabetic mice used as an in vivo model, of soluble VCAM-immunoglobulin (Ig) fusion protein prepared by fusing two 
55 human N-terminal regions to the common portion of human lgG1 in accordance with Rational Drug Design (Significant 
delays the onset of adoptively transferred autoimmune diabetes in nonobese mice (Jakubowski et al., J. Immunmol., 
155: 938(1 995)). Another report is that as a result of synthesis of a cyclic peptide antagonist by using the three-dimen- 
sional crystal structure of a VCAM-1 fragment for mimicking the binding loop portion of cc4 integrin at the domain-1 of 
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VCAM-1, CQIDSPC of the synthesized VCAM-1 peptide succeeded in inhibiting adhesion of VLA-4 expressed cells 
to purified VCAM-1 (Wang et ai, Proc. Natl. Acad. ScL USA, 92: 5714(1995)). 

[0010] Reported as another strategy are blocking of adhesion of a4^1 to either one of binding sites of its correspond- 
ing receptor, that is, fibronectin including connecting segmenM (CS-1) domain (E.A. Wayner, J. Cell. Biol., 116; 489 
(1992)); and in vitro inhibition, by synthetic CS-1 tetrapeptide (phenylacetic acid-Leu-Asp-Phe-d-Pro-amide), of leuko- 
cyte adhesion mediated by VLA-4 and amelioration of advance of coronary arterial diseases in cardiac transplantation 
of rabbits (Molossi etai, J. Clin. Invest, 95: 2601(1995)). 

[0011) In addition, there are several reports on compounds exhibiting in vitro VLA-4 inhibitory activity (U.S. Patent 
No. 5,821 ,231, W096/22966, WO97/03094, WO98/0424 and WO98/04913). 

[0012] Medicaments exhibiting sufficient effectiveness in oral administration and having clinical utility however have 
not yet been found. 

[0013] An object of the present invention is therefore to provide a medicament which serves a selective inhibitor 
against VLA-4, exhibits effectiveness by oral administration and is administrable for a long period of time. 

Disclosure of the Invention 

[0014] With the foregoing in view, the present inventors have carried out an investigation on low-molecular-weight 
and non-peptide compounds. As a result, it has been found that compounds represented by the below-described 
formula (I) selectively inhibit bonding of cell adhesion molecules to VLA-4 and are useful for prevention or treatment 
of various diseases mediated by migration and adhesion of leukocytes, leading to the completion of the present inven- 
tion. 

[0015] In the present invention, there are thus provided a compound represented by the following formula (I): 



(wherein, W represents WA-A 1 -W B - (in which, W A represents a substituted or unsubstituted aryl group or a substituted 
or unsubstituted monovalent heterocyclic group, A 1 represents - NR 1 -, a single bond, -C(O)-, -C(0)NR 1 a substituted 
or unsubstituted vinylene group, an ethynylene group, -CR 1a R 1b -0-, -CR 1a =CR 1b -C(0)NR 1 - or -CR 1a =CR 1b -C(0)- (in 
which, R 1 represents a hydrogen atom or a lower alkyl group, and R 1a and R 1b each independently represents a 
hydrogen atom or a lower alkyl group), and W B represents a substituted or unsubstituted arylene group or a substituted 
or unsubstituted divalent heterocyclic group); 

R represents a single bond, -NH-, -OCH 2 -, an alkenylene group or -(CH 2 ) n - (in which, n stands for 1 or 2); 

X represents -C(O)-, -CH 2 - or -S(0) 2 -, and 

M represents the following formula (iii), (iv) or (v): 





(i i i) 



(in which, 
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(iii - a) 

represents a divalent 4-, 5-, 6- or 7-membered heterocyclic group (in which the nitrogen atom is bonded to X and 
Q represents a carbon, sulfur, oxygen or nitrogen atom), R 11 , R 12 and R 13 each independently represents a hy- 

*s drogen atom, a hydroxyl group, an amino group, a halogen atom, a cyano group, a carboxyl group, an alkoxycar- 

bonyl group, a carbamoyl group, a substituted or unsubstituted mono- ordialkylaminocarbonyl group, a substituted 
or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted heteroaryl 
group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted mono- or dialkylamino group, a 
substituted or unsubstituted cycloalkylamino group, a substituted or unsubstituted alkylsulfonylamino group, a 

20 substituted or unsubstituted arylsulfonylamino group, a substituted or unsubstituted aryloxy group, a substituted 

or unsubstituted heteroaryloxy group, a substituted or unsubstituted benzyloxy group, a substituted or unsubsti- 
tuted alkyfthio group, a substituted or unsubstituted cycloalkyithio group, a substituted or unsubstituted arylthio 
group, a substituted or unsubstituted alkylsulfonyl group, a substituted or unsubstituted cycloalkylsulfonyl group, 
or a substituted or unsubstituted arylsulfonyl group, or R 11 and R 12 or R 12 and R 13 may be coupled to form, together 

25 with the atom constituting the heterocyclic group to which R 11 to R 13 are bonded, a 3 to 7-membered cyclic hydro- 

carbon or heterocycle (the cyclic hydrocarbon and the heterocycle may have thereon 1 to 3 substituents selected 
from a hydroxyl group, halogen atoms, an amino group, alkyl groups, alkoxy groups, aryl groups, aryloxy groups, 
alkylamino groups, a benzyloxy group and heteroaryl groups), R 14 represents a hydrogen atom or a substituted 
or unsubstituted lower alkyl group, Y represents a single bond, -C(O)-, -C(0)NH-, or a linear or branched divalent 

30 aliphatic hydrocarbon group which may have a C 3 . 6 spiro ring or may have one or more carbon atoms sub- 

stituted by -0-, -S-, -S(0) 2 -, -C(O)- or -NY 1 - (in which, Y 1 represents a hydrogen atom or a lower alkyl group), Z 
represents a substituted or unsubstituted arylene group, a substituted or unsubstituted heteroarylene group or a 
substituted or unsubstituted cycloalkylene group, A 2 represents a single bond, an alkenylene group, an alkynylene 
group, -(CH 2 ) t - or -0(CH 2 ) v -(in which, t stands for 1 , 2 or 3 and v stands for 0, 1 , 2 or 3), and R 10 represents a 

35 hydroxyl or a lower alkoxy group), 



40 



45 




(in which, 

55 
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Q 1 



CH 



N 




(iv - a) 



represents a divalent 4-, 5-, 6- or 7-membered heterocyclic group (in which the nitrogen atom is bonded to X, and 
Q 1 represents a carbon, sulfur, oxygen or nitrogen atom), R 15 and R 16 each independently represents a hydrogen 
atom, a hydroxyl group, a halogen atom, a substituted or unsubstituted alkyl group or an alkoxy group, R 16a rep- 
resents a hydrogen atom or a substituted or unsubstituted alkyl group, Y 3 represents -0-, -S-, -S(0) 2 -, - (CH 2 ) f O- 
or -NY 4 - (in which f stands for 1 , 2 or 3 and Y 4 represents a hydrogen atom or a lower alkyl group), Z 1 represents 
a substituted or unsubstituted arylene group, a substituted or unsubstituted heteroarylene group or a substituted 
or unsubstituted cycloalkylene group, A 3 represents a single bond, an alkenylene group, an alkynylene group or 
-(CH 2 ) e - (in which e stands for 1 , 2 or 3), and R 17 represents a hydroxyl group or a lower alkoxy group), 



(in which, R 18 represents -NR 20 - (in which R 20 represents a hydrogen atom, a substituted or unsubstituted alkyl 
group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted aryl group, a substituted or 
unsubstituted benzyl group, a substituted or unsubstituted lower alkenyl group or a substituted or unsubstituted 
alkynyl group), Z 2 represents a linear or branched divalent aliphatic C 1-12 hydrocarbon group which may have a 
C3-6 s P iro rin 9' mav nave one or more carbon atoms substituted by a divalent C 3 . 8 cycloalkylene group or may 
have one or more carbon atoms substituted by -0-, -S-, -S(0) 2 -, -C(O)- or -NR 21 - (in which, R 21 represents a 
hydrogen atom or a substituted or unsubstituted lower alkyl group), Q 2 represents a single bond, a substituted or 
unsubstituted arylene group, a substituted or unsubstituted heteroarylene group or a substituted or unsubstituted 
cycloalkylene group, L stands for a single bond, a substituted or unsubstituted lower alkylene group or a substituted 
or unsubstituted lower alkenylene group, or R 19 represents a hydroxyl or a lower alkoxy group)); or salt thereof; 
and a medicament containing the same. 

[0016] In the present invention, there are also provided a medicament and a composition, which comprise a phar- 
maceutical^ acceptable carrier and the above-described compound or salt. 

[0017] In the present invention, there is also provided the use of the above-described compound or salt for the 
preparation of a medicament. 

[0018] In the present invention, there is also provided a treating method of a disease caused by cell adhesion, which 
comprises administering the above-described compound or salt. 

Best Mode for Carrying Out the Invention 

[0019] The compound of the present invention is represented by the above -described formula (I). The alkyl group in 
the formula means a linear or branched saturated hydrocarbon group having 1 to 1 2, preferably 1 to 8 carbon atoms. 
Examples include methyl, ethyl, propyl, isopropyl, normal butyl, isobutyl, tertiary butyl, pentyl, heptyl and octyl groups. 
[0020] The lower alkyl group means a linear or branched saturated hydrocarbon group having 1 to 8, preferably 1 
to 6 carbon atoms. Examples include methyl, ethyl, propyl, isopropyl, normal butyl, isobutyl, tertiary butyl and pentyl 
groups. 

[0021] The alkylene group means a divalent group formed of the above-exemplified alkyl group. Examples include 
methylene, ethylene, propylene, isopropylene, normal butylene, isobutylene, pentylene, hexylene, heptylene and oc- 
tylene groups. 




16 



O 

Z 2 Q2 L ^ 



R 19 



(v) 
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[0022] The alkenyl group means a linear or branched C 2 . 12> preferably C 2 _ 8 group formed of an unsaturated hydro- 
carbon containing at least one double bond. Examples include vinyl, propenyl, isopropenyl, 1-butenyl, 2-butenyl, 
1,3-butadienyl, 1-isobutenyl, 1-pentenyl, 1-heptenyl and 1-octenyl groups. 

[0023] The alkenylene group means a divalent group formed of the above-exemplified alkenyl group. Examples 
s include vinylene, propenylene, isopropenylene, 1-butenylene, 2-vinylene, 1-isobutenylene, 1-pentenylene, 1-hepte- 
nylene and 1 -octenylene groups. 

[0024] The alkynyl group means a linear or branched C 2 . 12 , preferably C 2 . 8 group formed of an unsaturated hydro- 
carbon containing one triple bond. Examples include ethynyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 1-heptynyl 
and 1-octynyl groups. 

w [0025] The alkynylene group means a divalent group formed of the above-exemplified alkynyl group. Examples in- 
clude ethynylene, propynylene, 1 -butynylene, 2-butynylene, 1-pentynylene, 1-heptyny!ene and 1-octynylene groups. 
[0026] The cycloalkyl group means a cycloalkyl group having 3 to 10, preferably 3 to 6 carbon atoms. Examples 
include cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl groups. 

[0027] The cycloalkylene group means a divalent group formed of the above-exemplified cycloalkyl group. The cy- 
*5 cloalkyl group in this case is as described above. Examples include cyclopropylene, cyclobutylene, cyclopentylene 
and cyclohexylene groups. 

[0028] The aliphatic hydrocarbon group means a linear, branched or cyclic hydrocarbon group having 1 to 1 8 carbon 
atoms, preferably 1 to 12 carbon atoms, and it includes alkyl, cycloalkyl, alkenyl, and alkynyl groups and combinations 
thereof. Examples include ethyl, propyl, propynyl and 2, 4-heptadienyl groups. 
20 [0029] The aryl group means an aromatic monocyclic or fused hydrocarbon group having 6 to 1 8, preferably 6 to 1 0 
carbon atoms and examples include phenyl and naphthyl groups. 

[0030] The arylene group means a divalent group formed of the above-exemplified aryl group and examples thereof 
include phenylene and naphthylene groups. 

[0031 ] The cyclic hydrocarbon group means a saturated or unsaturated (including aromatic) monocyclic group having 
25 3 to 7 carbon atoms, and examples include cyclopropane, cyclobutane, cyclopentane, cyclopentene, cyclohexane, 
cyclohexene, cycloheptane and benzene. 

[0032] The heteroaryl group means a monovalent group formed of a monocyclic or fused aromatic heterocycle hav- 
ing, as the constituent of the ring, 5 to 18 atoms including at least one oxygen, nitrogen and/or sulfur atom, preferably 
a group formed of an aromatic heterocycle having 5 to 14 atoms. Examples of the monocyclic aromatic heterocycle 

30 include pyrrole, 2H-pyrrole, thiophene, furan, imidazole, pyrazole, isoxazole, isothiazole, thiazole, oxazole, oxadiazole, 
1,3,4-thiadiazole, triazole, tetrazole, pyrimidine, pyrazine, pyrimidine, pyridazine, 2H-pyran and 4H-pyran. Among the 
fused aromatic heterocycles, examples of the bicyclic ones include indole, indolizine, isoindole, 1 H-indazole, 2H-inda- 
zole, purine, 4H-quinolidine, isoquinoline, quinoline, phthalazine, naphthylidine, quinoxaline, quinazoline, cinnoline, 
benzopyran, benzo(b)thiophene, 2,3-benzofuran, 3,4-benzofuran, benzoxazole, benzothiazole, benzoisoxazole, ben- 

35 zoisothiazole, benzimidazole, benzotriazole, 1 H-pyrrolo(2,3-b)pyridine, 1 H-pyrrolo(2,3-c)pyridine, 1 H-pyrrolo(3,2-c) 
pyridine, 1 H-pyrrolo(3,2-b)pyridine, 3H-pyrrolo(2,3-b)pyridine, 3H-pyrrolo(2,3-c)pyridine, 3H-pyrrolo(3,2-c)pyridine, 
3H-pyrrolo(3,2-b)pyridine, dihydropyrrolo(2,3-b)pyridine I dihydropyrrolo(2,3-c)pyridine, dihydropyrrolo(3,2-c)pyridine, 
dihydropyrrolo(3,2-b)pyridine, oxazolo(4,5-b)pyridine, oxazolo(4,5-c)pyridine, oxazolo(5,4-c)pyridine, oxazolo(5,4-b) 
pyridine, thiazolo(4,5-b)pyridine, thiazolo(4,5-c)pyridine, thiazolo(5,4-c)pyridine, thiazolo(5,4-b)pyridine and pyrido 

40 (1 ,2-a)pyrimidine. Examples of the tricyclic aromatic heterocycle include carbazole, carboline, phenoxazine, xanthene, 
xanthone, dibenzofuran and dibenzothiophene. 

[0033] The heteroarylene group means a divalent group formed of the above-exemplified heteroaryl group. 
[0034] The heterocyclic group means a group formed of a monocyclic or fused aliphatic or aromatic heterocycle 
having, as a constituent, 5 to 18 atoms, preferably 5 to 14 atoms including at least one oxygen, nitrogen and/or sulfur 

45 atom. Examples of the aromatic heterocyclic group are similar to those exemplified above as the heteroaryl group. 
Examples of the aliphatic heterocyclic group include pyrrolidine, pyrroline, imidazolidine, imidazoline, indoline, tetrahy- 
drofuran, dihydrofuran, tetrahydrothiophene, dihydrothiophene, thiazolidine, thiazoline, oxazoline, oxazolidine, isoxa- 
zolidine, isoxazoline, piperidine, morpholine, thiamorpholine, piperazine, tetrahydropyrane, tetrahydrobenzimidazole, 
tetrahydrobenzofuran, tetrahydrobenzothiophene, tetrahydrobenzothiazole, tetrahydrobenzoxazole, tetrahydroquino- 

50 line, tetrahydroisoquinoline and tetrahydroquinazoline. 

[0035] The halogen atom means a fluorine, chlorine, bromine or iodine atom. 

[0036] Examples of the alkoxy group include methoxy, ethoxy, propoxy, isopropoxy, normal butoxy, isobutyloxy, ter- 
tiarybutoxy, pentyloxy, hexyloxy, heptyloxy and octyloxy groups. 

[0037] The lower alkoxy group means a linear or branched alkoxy group having 1 to 8, preferably 1 to 6 carbon atoms 
55 and examples include methoxy, ethoxy, propoxy, isopropoxy, normal butoxy, isobutyloxy, tertiary butoxy, pentyloxy and 
hexyloxy groups. 

[0038] Examples of the aryloxy group include phenoxy and naphthyloxy groups. 
[0039] Examples of the heteroaryloxy group include pyridyloxy and indoleoxy groups. 
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[0040] Examples of the alkylthio group include methylthio, ethylthlo, propylthio, isopropylthio, normal butylthio, iso- 
butylthio, tertiary butylthio, pentylthio, hexylthio, heptylthio and octylthio groups. 

[0041] Examples of the cycloalkylthio group include cyclopropylthio, cyclobutylthio, cyclopentylthio, cyclo hexylthio 
and cyclooctylthio groups. 

[0042] Examples of the arylthio group include phenylthio and naphthylthio groups. 

[0043] Examples of the alkylsulfonyl group include methylsulfonyl, ethylsulfonyl, propylsutfonyl, isopropylsulfonyl, 
normal butylsulfonyl, isobutylsulfonyl, tertiary butylsulfonyl, pentylsulfonyl, hexylsulfonyl, heptylsulfonyl and octylsul- 
fonyl groups. 

[0044] Examples of the cycloalkylsulfonyl group include cyclopropylsulfonyl, cyclobutylsulfonyl, cyclopentylsulfonyl, 
cyclohexylsulfonyl and cyclooctylsulfonyl groups. 

[0045] Examples of the arylsulfonyl group include phenylsulfonyt and naphthylsulfonyl groups. 
[0046] The followings are specific examples of W-R-X- in the formula (I). 

o^r* ^ l ^ <h&\ 

W^ 1 W^ 5 

U ! <^ ^ 5 

^ l xtfr 1 
^ o&* 1 cofF 
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[0047] In the compound represented by the formula (I), W means the formula: W A -A 1 -W B . 

[0048] In the formula, W A is a substituted or unsubstituted aryl group or a substituted or unsubstituted monovalent 
heterocyclic group. This aryl group is similar to the above-described one, with a phenyl group being particularly pre- 
ferred. As the heterocyclic group, preferred is a monovalent group formed, for example, of pyridine, thiazole, pyrimidine, 
pyrrole, indole, isoquinoline, quinoline, indoline, tetrahydroquinoline, indazole, benzisothiazole, benzisoxazole, ben- 
zothiazole or benzoxazole. Examples of the substituent for the aryl group or heterocyclic group include lower alkyl 
groups, lower alkoxy groups, halogen atoms, amino group and hydroxyl group. The aryl group or heterocyclic group 
may be substituted with at least one of these substituents. 

[0049] W B is a substituted or unsubstituted arylene group or a substituted or unsubstituted divalent heterocyclic 
group. This arylene group is similar to the above-described one, with a phenylene group being particularly preferred. 
As the heterocyclic group, preferred is a divalent group formed, for example, of pyridine, thiazole, pyrimidine, pyrrole, 
indole, isoquinoline, quinoline, indoline, tetrahydroquinoline, benzothiazole or benzoxazole. 

Examples of the substituent for the arylene group or heterocyclic group include lower alkyl groups, lower alkoxy groups, 
halogen atoms, amino group and hydroxyl group. The arylene group or heterocyclic group may be substituted with at 
least one of these substituents. 

[0050] A 1 represents -NR 1 -, single bond, -C(O)-, -C(0)NR 1 -, a substituted or unsubstituted vinylene group, an ethy- 
nylene group, -CR 1a R 1b -0-, -CR 1a =CR 1b -C(0) NR 1 - or -CR 1a =CR 1b -C(0)- (in which, R 1 represents a hydrogen atom 
or a lower alkyl group, and R 1a and R 1b each independently represents a hydrogen atom or a lower alkyl group), of 
which single bond, -NH- or -C(0)N is preferred. 

[0051] The formula: W A -A 1 -W b is preferably the following formula (i) or (ii). 



W 1 A , W 2 | (i) 
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W 3 A 1 W 4 | (i i) 



[0052] In the formula (i), W 1 represents a substituted or unsubstituted aryl group or a substituted or unsubstituted 
monovalent heterocyclic group and those exemplified above in W A are preferred. Particularly preferred examples in- 
clude phenyl, pyridyl, indolyl, isoquinolinyl, indolinyl, tetrahydroquinolinyl, and benzoxazolyl groups, and phenyl, pyridyl, 
indolyl, isoquinolinyl, indolinyl, tetrahydroquinolinyl, indazolyl, benzisothiazolyl, benzisoxazolyl, benzothiazolyl and 
benzoxazolyl groups each substituted with a lower alkyl group, a lower alkoxy group or a halogen atom. 
[0053] W 2 is a substituted or unsubstituted divalent bicyclic heterocyclic group and particularly preferred is that rep- 
resented by the following formula (i-a), (i-b) or (i-c). 




(i-a) (i-b) (i-c) 

[0054] In the above formulas, X 1 represents an oxygen or sulfur atom, with oxygen atom being particularly preferred. 
[0055] R 2 and R 3 each independently represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxy I 
group, a lower alkoxy group or an amino group, of which a hydrogen atom, a halogen atom, a lower alkyl group or a 
lower alkoxy group is particularly preferred. 

[0056] On the right side in the above-described formula (i-a), (i-b) or (i-c), the bonding to R is preferred and said 
bonding is preferably bonding to R at the para position on the benzene ring relative to the nitrogen atom in the formula 
(i-a), (i-b) or (i-c). 

[0057] In the formula (ii), W 3 is a substituted or unsubstituted monovalent dicyclic heterocyclic group. Those repre- 
sented by the following formulas (ii-a) to (ii-j) are preferred as W 3 . 




(ii-f) <>»-g) (ii-h) (ii-i) (ii-j) 

[0058] In the formula, X 2 represents an oxygen or sulfur atom, with an oxygen atom being particularly preferred. 
[0059] R 4 , R 5 , R 8 , R 9 , R 8a and R 9a each independently represents a hydrogen atom, a halogen atom, a lower alkyl 
group, a hydroxyl group, a lower alkoxy group or an amino group, of which a hydrogen atom, a halogen atom, a lower 
alkyl group or a lower alkoxy group is preferred. 
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[0060] Of these, the formulas (ii-a), (ii-b), (ii-h) and (ii-i) are particularly preferred. 

[0061 ] W 4 represents a substituted or unsubstituted arylene group or a substituted or unsubstituted divalent mono- 
cyclic heterocyclic group, preferably a phenylene group, a pyridylene group, or a phenylene or pyridylene group sub- 
stituted with a lower alkyl group, a lower alkoxy group or a halogen atom. 
[0062] A 1 and R 1 are preferably bonding at para position on the phenylene or pyridylene group. 
[0063] R is a single bond, -NH-, -OCH 2 -, an alkenylene group, or -(CH 2 ) n - (in which n stands for 1 or 2), of which 
-CH 2 - is particularly preferred. 

[0064] X is -C(O)-, -CH 2 - or -S(0) 2 -, with -C(O)- being particularly preferred. 

[0065] In the compound represented by the formula (I), M represents the below-described formula (iii), (iv) or (v) : 
Formula (iii): 




(i i i) 



[0066] Specific examples of the formula (iii-b): 




(iii-b) 



in the formula (ii) are exemplified below: 
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5 




10 (iii - a) 

represents a divalent 4-, 5-, 6- or 7-membered heterocyclic group, of which a 5- or 6-membered heterocyclic group 
having as Q a carbon, oxygen or nitrogen atom is preferred, with a divalent group formed of a pyrrolidine ring being 
15 particularly preferred. 

[0068] Here, when Q is a divalent group formed of a pyrrolidine ring, it is most preferred that the absolute configuration 
of the 2-position to which a -Y-Z-A 2 -C(0)-R 10 group is bonded is equal to that of the natural L-proline. 
[0069] R 11 , R 12 and R 13 each independently represents a hydrogen atom, a hydroxyl group, an amino group, a 
halogen atom, a cyano group, a carboxyl group, an alkoxycarbonyl group, a carbamoyl group, a substituted or unsub- 

20 stituted mono- or dialkylaminocarbonyl group, a substituted or unsubstituted alkyl group, a substituted or unsubstituted 
aryl group, a substituted or unsubstituted heteroaryl group, a substituted or unsubstituted alkoxy group, a substituted 
or unsubstituted mono- or dialkylamino group, a substituted or unsubstituted cycloalkylamino group, a substituted or 
unsubstituted alkylsulfonylamino group, a substituted or unsubstituted arylsulfonylamino group, a substituted or un- 
substituted aryloxy group, a substituted or unsubstituted heteroaryloxy group, a substituted or unsubstituted benzyloxy 

25 group, a substituted or unsubstituted alkylthio group, a substituted or unsubstituted cycloalkylthio group, a substituted 
or unsubstituted arylthio group, a substituted or unsubstituted alkylsulfonyl group, a substituted or unsubstituted cy- 
cloalkylsulfonyl group, or a substituted or unsubstituted arylsulfonyl group, or R 11 and R 12 , or R 12 and R 13 may be 
coupled to form, together with the atom constituting the heterocyclic group to which R 11 to R 13 are bonded, a 3 to 
7-membered cyclic hydrocarbon or heterocycle (the heterocycle may have thereon 1 to 3 substituents selected from 

30 a hydroxyl group, halogen atoms, an amino group, alkyl groups, alkoxy groups, aryl groups, aryloxy groups, alkylamino 
groups, a benzyloxy group and heteroaryl groups). 

[0070] Examples of the alkyl, aryl, heteroaryl and alkoxy groups are similar to those described above. Examples of 
the mono- or dialkylamino group include monomethylamino, monoethylamino, isopropylamino, dimethylamino and di- 
ethylamino groups. Examples of the cycloalkylamino group include cyclopropylamino, cyclobutylamino and cy- 

35 clopentylamino groups; those of the alkylsulfonylamino group include methanesulfonylamino, trifluoromethanesulfo- 
nylamino and ethanesulfonylamino groups; and those of the arylsulfonylamino group include benzenesulfonylamino 
and naphthylsulfonylamino groups. Examples of the substituent for them include halogen atoms, lower alkyl groups, 
lower alkoxy groups, hydroxyl group, amino group, acylamino groups and alkylamino groups. 
[0071] In the case where R 11 and R 12 , or R 12 and R 13 are coupled to form a 3- to 7-membered cyclic hydrocarbon 

^0 or heterocycle together with the atom constituting the heterocyclic group to which R 11 to R 13 are bonded, examples of 
the thus formed ring include dihydroindole ring, tetrahydroindole ring, isoindoline ring and tetrahydroisoquinoline ring. 
[0072] It is preferred that any one of R 11 , R 12 and R 13 is a hydroxyl group, substituted or unsubstituted alkoxy group, 
substituted or unsubstituted alkyl group or halogen atom. Particularly, methoxyl group, methoxymethyl group or fluorine 
atom is preferred. 

45 [0073] R 14 represents a hydrogen atom, or a substituted or unsubstituted alkyl group, of which a hydrogen atom and 
methyl group are preferred, particularly hydrogen atom is preferred. 

[0074] In the formula (iii), Y represent a single bond, -C(O)-, -C(0)NH-, or a linear or branched divalent aliphatic 
C M2 hydrocarbon group which may have a C 3 ^ spiro ring or may have one or more carbon atoms substituted by -O-, 
-S-, - S(0) 2 -, -C(O)- or -NY 1 - (in which, Y 1 represents a hydrogen atom or a lower alkyl group). Examples of the linear 
50 or branched divalent aliphatic hydrocarbon group formed of 1 to 12 carbon atoms include methylene, ethylene, pro- 
pylene, isopropylene, 2,2-dimethylbutylene and 3,3-dimethylpentylene groups. When the aliphatic hydrocarbon group 
forms a spiro ring formed of 3 to 6 carbon atoms, the resulting ring is, for example, cyclopropane, cyclobutane or 
cyclohexane. 

[0075] Of these, -CH 2 0-, -CH 2 S-, -CH 2 S(0) 2 -, -(CH 2 ) 2 -, -CH=CH-, - C^C- or -CH 2 NY 1 -, particularly -CH 2 0- is pre- 
55 ferred as Y. 

[0076] Z represents a substituted or unsubstituted arylene group, a substituted or unsubstituted heteroarylene group 
or a substituted or unsubstituted cycloalkylene group. These arylene, heteroarylene and cycloalkylene groups are 
similar to those as exemplified above. Examples of the substituent for them include lower alkyl groups, lower alkoxy 
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groups, halogen atoms, hydroxyl group, amino group and alkylamino groups. As Z, phenylene, pyridylene and cy- 
clohexylene groups are preferred, with cyctohexylene group being particularly preferred. When Z represents a cy- 
clohexylene group, it is most preferred that the relative configuration of the groups -Y- and -A 2 - substituted on the 
cyclohexane ring is 1,4-trans configuration. 

[0077] A 2 represents a single bond, alkenylene group, alkynylene group, -(CH 2 ) t - or -0(CH 2 ) v - (in which, t stands 
for 1 , 2 or 3 and v stands for 0,1,2, or 3), of which a single bond is particularly preferred. 
[0078] Formula (iv): 




R 16a 

(iv) 

Specific examples of the formula (iv-b) 




R 16a 



(iv-b) 

in the formula (iv) are exemplified below: 
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[0079] In the above formula, 




(iv - a) 

represents a divalent 4-, 5-, 6- or 7-membered heterocyclic group, of which a 5- or 6-membered heterocyclic group 
having as Q 1 a carbon, oxygen or nitrogen atom is preferred, with a divalent group formed of a pyrrolidine ring being 
particularly preferred. 

[0080] R 15 and R 1 6 each independently represents a hydrogen atom, a hydroxyl group, a halogen atom, a substituted 
or unsubstltuted alky! group or an alkoxy group, of which halogen atom, substituted or unsubstituted alkyl group or 
alkoxy group is preferred, with fluorine atom, methoxyl group or methoxymethyl group being particularly preferred. 
[0081 ] Y 3 represents -O-, -S-, -S(0 2 )-, -(CH 2 ) f O- or -NY 4 - (in which f stands for 1 , 2 or 3 and Y 4 represents a hydrogen 
atom or a lower alkyl group), with -O- or -CH 2 0- being particularly preferred. 

[0082] Z 1 represents a substituted or unsubstituted arylene group, a substituted or unsubstituted heteroarylene group 
or a substituted or unsubstituted cycloalkylene group. Those exemplified above in Z are preferred. 
[0083] A 3 represents a single bond, alkenylene group, alkynylene group or -(CH 2 ) e - (in which, e stands for 1 , 2 or 
3), of which single bond is particularly preferred. 
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[0084] The formula (v): 



!— R 



IB 



Z 2 



Q 2 




R 19 



(v) 



[0085] In the formula (v), R 1B represents -NR 20 -, and R 20 represents a hydrogen atom, a substituted or unsubstituted 
alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted aryl group, a substituted or 
unsubstituted benzyl group, a substituted or unsubstituted lower alkenyl group or a substituted or unsubstituted alkynyl 
group. These alkyl, cycloalkyl, aryl, lower alkenyl and alkynyl groups are similar to those exemplified above. Substit- 
uents for them include alkoxy groups, alkyl groups, halogen atoms and hydroxyl group. 

[0086] As R 20 , preferred are substituted or unsubstituted alkyl groups, substituted or unsubstituted alkenyl groups 
and substituted or unsubstituted alkynyl groups, with methyl group, 2-fluoromethyl group, allyl group and propargyl 
group being particularly preferred. 

[0087] Z 2 represents a linear or branched divalent aliphatic C.,. 12 hydrocarbon group which may have a C^g spiro 
ring, may have one or more carbon atoms substituted by a divalent C^ B cycloalkylene group, or may have one or more 
carbon atoms substituted by -O-, -S-, -S(0) 2 -, -C (O) - or -NR 21 (in which, R 21 represents a hydrogen atom or a sub- 
stituted or unsubstituted lower alkyl group). As Z 2 , those exemplified above in Y of the formula (iii) are preferred. 
[0088] Q 2 represents a single bond, a substituted or unsubstituted arytene group, a substituted or unsubstituted 
heteroarylene group or a substituted or unsubstituted cycloalkylene group. As Q 2 , those exemplified above in Z are 
preferred. 

[0089] L represents a single bond, a substituted or unsubstituted lower alkylene group or a substituted or unsubsti- 
tuted lower alkenylene group. The lower alkylene and lower alkenylene group are similar to those as described above 
and substituents for them include lower alkyl groups and halogen atoms. As L. preferred are a single bond and a lower 
alkenylene group. 

[0090] As M, the formula (iii) or (iv) is preferred. In the case where Z is a cyclohexylene group and A 2 is a single 
bond in the formula (iii), the formula (iii-c) is preferred. 



In the case where Z 1 is a cyclohexylene group and A 3 is a single bond in the formula (iv), the formula (iv-c) is preferred. 




(iii-c) 



Particularly, the formula (iii-d) is preferred. 




(iii-d) 
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c) 



Particularly, the formula (iv-d) Is preferred. 



r 




R 16a 



(iv-d) 



As M, the formula (ill) is particularly preferred. 

[0091] The invention compounds (I) can be converted into physiologically acceptable salts thereof as desired by 
using an inorganic acid such as hydrochloric acid, sulfuric acid or phosphoric acid, or an organic acid such as formic 
acid, acetic acid or methanesulfonic acid. When the invention compounds (I) have an acidic group such as carboxyl 
group, base addition salts can usually be formed. As physiologically acceptable salts, either organic salts or inorganic 
salts are possible. Preferred examples include alkali metal salts such as lithium salt, sodium salt and potassium salt, 
alkaline earth metal salts such as magnesium salt and calcium salt, ammonium salt, triethylamine salt, N-methylglu- 
camine salt and tris(hydroxymethyl)aminomethane salt. 

[0092] The invention compounds in the free form or salt form may exist as a solvate. 

[0093] No particular limitation is imposed on the solvate insofar as it is a pharmaceutical ly acceptable one. Specific 
examples include hydrates and ethanolates. When the invention compounds (I) contain a nitrogen atom, they may 
exist as their N-oxides forms. These solvates and N-oxide forms are also embraced in the present invention. 
[0094] Depending on the kind or combination of substituents, the invention compounds (I) or salts thereof have a 
variety of isomers, for example, geometrical isomers such as cis isomers and trans isomers, and optical isomers such 
as d-isomers and I- isomers. The present invention embraces all of these steric isomers and mixtures thereof at any 
ratio. 

[0095] The invention compounds can be synthesized, for example, in accordance with any one of the below-described 
(Scheme 1) to (Scheme 18). 

[0096] The compound of the formula (I) wherein X represents -C(O)- can be prepared by the coupling reaction of a 
carboxylic acid (1) and a cyclic amine (2), (3) or salt thereof, or a chain amine (4) or salt thereof (in the scheme, 



represents a 4-, 5-, 6- or 7-membered cyclic amine, and W, R, R 11 , R 12 , R13, R14 R15 ( R i6 f Qite Y> y 1 , Z, Z\ A 2 , A 3 , 
R 10 , R 17 , R 20 , Z 2 Q 2 , L and R 19 have the same meanings as described above). 

[0097] When in the compound of the formula (2), (3) or (4), R 10 , R 17 or R 19 is a lower alkoxy group, the compounds 
obtained by the above-described coupling reaction can be converted into the corresponding free carboxylic acid type 
compound by alkaline hydrolysis. 




H 
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( Scheme 1 ) 




[0098] The compound (I) in (Scheme 1 ) can be prepared in a known manner The compound of the formula (I) can 
be prepared by reacting a carboxylic acid (1) with a cyclic amine (2) or (3), or a chain amine (4) in accordance with a 
known condensing method by using a condensing agent such as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hy- 
drochloride, N.N-dicyclohexylcarbodiimide or N,N-carbonyldiimidazole or an analogue thereto in an inert halogenated 
hydrocarbon solvent such as methylene chloride, an inert hydrocarbon solvent such as toluene, an inert ether solvent 
such as tetrahydrofuran or an inert polar solvent such as N,N-dimethylformamide at a temperature range of from -20°C 
to the boiling point of the solvent, preferably 0°C to room temperature. This reaction can also be conducted in the 
presence of an organic amine base such as triethylamine or 4-dimethylaminopyridine, or an organic amine base and 
1 -hydroxybenzotriazole. 

[0099] In the below-described (Scheme 1A) to (Scheme 4), a synthesizing process of the carboxylic acid (1) used 
as a raw material for the above-described reaction will be Indicated (in the schemes, X 1 , R, R 4 R 5 , W 1 , W 2 , W 3 and 
W 4 have the same meanings as described above, R 23 s each independently represents a hydrogen atom, a halogen 
atom, a lower alkyl group, a hydroxyl group, a substituted or unsubstituted lower alkoxy group or an amino group, R 22 
represents a lower alkyl or benzyl group, and R 24 represents a lower alkyl group). 

[0100] In the below-described (Scheme 1 A) and (Scheme 1 B), a process for preparing a compound of the formula 
(I) wherein A 1 is a single bond is indicated. 

[0101] Compounds of the formulas (1A-5) and (1B-5) can be prepared in a known manner. Compound (1A-4) is 
available, for example, by heating and refluxing - in the presence of an acid such as boric acid in an inert hydrocarbon 
solvent such as xylene - a compound of the formula (1 A-1 ) which is commercially available or can be readily prepared 
in a known manner, preferably a compound of the formula (1A-2) which has been prepared by acting an acid halide 
such as oxalyl chloride, thionyl chloride, phosphorous trichloride or phosphorous pentachloride, preferably oxalyl chlo- 
ride or thionyl chloride and a catalytic amount of N,N-dimethylformamide on the compound (1 A-1 ) in an inert halogen- 
ated hydrocarbon solvent such as methylene chloride, an inert hydrocarbon solvent such as toluene or an inert ether 
solvent such as tetrahydrofuran at a temperature range of from -20°C to the boiling point of the solvent, together with 
the compound of the formula (1 A-3) (M.Terashima etal., Synthesis, 484 (1 982)). And compound (1 A-4) is also available, 
when carboxylic acid radical of the formula (1A-4) is formyl radical, via cyclization reaction using Ph-l(OAc) 2 (M.H Jung 
et at., J. Med. Chem., 9, 56(1999)). The carboxylic acid (1A-5) is then available by alkaline hydrolysis of the ester 
portion of the resulting compound in a known manner. In the case of a benzyl ester, the target product is available by, 
instead of the above-described alkaline hydrolysis, catalytic hydrogenation to remove the benzyl portion. 
[01 02] A compound of the formula (1 B-4) can be prepared by effecting nucleophilic displacement reaction of a com- 
pound of the formula (1 B-1 ) or (1 B-2) (wherein, -H Is bonded to the nitrogen atom of a nitrogen -containing heterocycle) 
and a compound of the formula (1 B-3) in an inert hydrocarbon solvent such as xylene at a temperature range of from 
room temperature to the boiling point of the solvent. This reaction can be conducted in the presence of an organic 
base such as triethylamine or an inorganic base such as potassium carbonate. The reaction may be effected in a 
solventless manner at a temperature range of from room temperature to 200°C. By subjecting the resulting compound 
of the formula (1 B-4) to hydrolysis or catalytic hydrogenation as indicated in (Scheme 1 A), the compound of the formula 
(1 B-5) can be prepared. 
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t Scheme I A ] 
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(1A-2) 
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(1A-3) 



CO.RM 




t Scheme IB ] 




[01 03] The below-described (Scheme 1 C) is a process for preparing a compound of the formula (I) wherein A 1 is -C 
(O)NR 1 -. 

[0104] A compound of the formula (1C-3) can be prepared in a known manner. For example, a compound of the 
formula (1C-2) can be prepared by reacting the compound (1A-2) as indicated in the above-described (Scheme 1 A) 
with a compound of the formula (1C-1) in an inert halogenated hydrocarbon solvent such as methylene chloride, an 
inert hydrocarbon solvent such as toluene or an inert ether solvent such as tetrahydrofuran at a temperature range of 
from -20°C to the boiling point of the solvent, preferably from room temperature to the boiling point of the solvent in 
the presence of an organic base such as triethylamine. Alternatively, the compound of the formula (1C-2) can be 
prepared by reacting the compound (1A-1) indicated in the above-described (Scheme 1 A) with the compound of the 
formula (1C-1) by using a condensing agent such as 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, N, 
N-dicyclohexylcarbodiimide or N,N-carbonyldiimidazole or an analogue thereto in an inert halogenated hydrocarbon 
solvent such as methylene chloride, an inert hydrocarbon solvent such as toluene, an inert ether solvent such as 
tetrahydrofuran, or an inert polar solvent such as N t N-dimethylformamide at a temperature range of from -20°C to the 
boiling point of the solvent. This reaction may be effected in the presence of an organic amine base such as triethylamine 
or 4-dimethylaminopyridine, or an inorganic base and 1 -hydroxybenzotriazole. By subjecting the resulting compound 
of the formula (1 C-2) to hydrolysis or catalytic hydrogenation as indicated in (Scheme 1 A), the compound of the formula 
(1C-3) is available. 



(Scheme 1C) 
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[0105] The below-described (Scheme 1D) is a preparation process of a compound of the formula (I) wherein A 1 
represents -C(O)- (in the scheme, -H of each of the compounds (1D-2), (1D-5) and (1 D-7) is bonded to the nitrogen 
atom of the nitrogen-containing heterocycle). 

[0106] A compound of the formula (1D-4) can be prepared in a known manner. For example, a compound of the 
20 formula (1 D-1) is prepared by acting phosgene or a phosgene equivalent such as triphosgene on the compound (1 B- 
2) shown in (Scheme 1 B) in an inert halogenated hydrocarbon solvent such as methylene chloride, an inert hydrocarbon 
solvent such as toluene or an inert ether solvent such as tetrahydrofuran at a temperature range of from -20° C to the 
boiling point of the solvent, preferably from -20°C to room temperature. Then, a compound of the formula (1D-2) is 
acted on the compound (1 D-1), whereby a compound of the formula (1D-3) can be obtained. The compound of the 
25 formula (1 D-3) is available in a similar manner by preparing a compound of the formula (1 D-6) from a compound of 
the formula (1 D-5) and then reacting the resulting compound with a compound of the formula (1 D-7). The compound 
(1 D-3) is also available by acting N,N-carbonyldiimidazole on the compound of the formula (1 B-2) or (1 D-5) in an inert 
polar solvent such as N.N-dimethylformamide at a temperature range of from -20°C to the boiling point of the solvent, 
followed by the addition of the compound (1D-2) in the case of the compound of (1 B-2) or the compound (1 D-7) in the 
30 case of the compound (1 D-5) to cause reaction. The compound of the formula (1 D-3) is then subjected to hydrolysis 
or catalytic hydrogenation as shown in (Scheme 1 A), whereby the compound of the formula (1 D-4) can be prepared. 



[ Scheme ID ] 
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[0107] In the below-described (Scheme 1 E), a compound of the formula (I) wherein A 1 represents vinylene is indi- 
cated. 

so [0108] A compound of the formula (1 E-4) in (Scheme 1 E) can be prepared by Wittig-Horner reaction. For example, 
the compound of the formula (1 E- 4) can be prepared by acting a triaikyl phosphite ester on a compound of the formula 
(1 E-1), which is commercially available or can easily be prepared in a known manner, in a solventless manner at a 
temperature range of from room temperature to 200°C to prepare the corresponding alkyl phosphite diester (1 E-2); 
acting thereon a base such as sodium hydride, lithium hexamethyl disilazane or sodium methoxide in an inert alcohol 

55 solvent such as ethanol, an inert hydrocarbon solvent such as toluene, an inert ether solvent such as tetrahydrofuran 
or inert polar solvent such as dimethylsulfoxide at a temperature range of from -78°C to the boiling point of the solvent, 
preferably from -20°C to room temperature, to generate a carbanion; and acting a compound of the formula (1 E-3), 
which is commercially available or can easily prepared in a known manner, on the carbanion. By subjecting the resulting 
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compound o f the formula (1 E-4) to alkaline hydrolysis, a compound of the formula (1 E-5) is available. 



[ Scheme IE ] 
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20 [0109] In the below-described (Scheme 1 F), a compound of the formula (I) wherein A represents ethynylene is in- 
dicated. 

[0110] A compound of the formula (IF-4) can be prepared in a known manner. For example, a compound of the 
formula (1F-1) which is commercially available or can be prepared readily in a known manner is introduced into the 
corresponding dihalogeno-olef in in accordance with the Corey method and then, an organolithium such as butyl lithium 

25 is acted on the resulting compound, whereby a compound of the formula (1F-2) can be obtained. Alternatively, the 
compound of the formula (1 F-2) can be prepared by reacting the compound (1 F-1) with a carbanion easily available 
from trimethylsilyldiazomethane and an organolithium, followed by rearrangement (Y.lto era/., Synlett, 1163 (1997)). 
Then, Heck type carbon-carbon coupling reaction is conducted with a compound of the formula (1F-3), whereby the 
compound of the formula (1 F-4) can be obtained (T.Eckert etal., Synth. . Commun., 28, 327 (1998)). By subjecting the 

30 resulting compound of the formula (1 F-4) to alkaline hydrolysis, a compound of the formula (1 F-5) is available. 



[■ Scheme IF ] 
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[0111] In the below-described (Scheme 2) to (Scheme 4), a compound of the formula (I) wherein A 1 represents -NR 1 
is indicated. 

[01 12] A compound of the formula (1 a) in the below-described (Scheme 2) can be prepared in a known manner. For 
55 example, an aniline derivative (6) which is known by itself or can be prepared in a known manner, and a thioisocyanate 
derivative (7) which is commercially available or can be prepared in a known manner or a xanthate derivative (8) which 
can be prepared in a known manner are treated in an inert halogenated hydrocarbon solvent such as methylene chlo- 
ride, an inert hydrocarbon solvent such as toluene, an inert ether solvent such as tetrahydrofuran or an inert alcohol 
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solvent such as ethanol at a temperature range of from -20° C to the boiling point of the solvent, preferably from 0°C 
to room temperature, whereby the corresponding thiourea derivative (9) can be prepared. In a known manner, the 
resulting compound is then treated with K0 2 or Ni 2 0 3l preferably mercuric oxide (yellow), each commercially available, 
in an inert hydrocarbon solvent such as toluene, inert ether solvent such as tetrahydrofuran or inert polar solvent such 
5 as N,N-dimethylformamide at a temperature range of from -20°C to the boiling point of the solvent, preferably from 
room temperature to the boiling point of the solvent, whereby the corresponding ring-closed compound (10) can be 
obtained (A. Koshiro et a/., Chem.Pharm.ButL, 7, 725 (1959); H.Ogura et al., ibid., 29, 1518 (1 981); H.S.Chan et at., 
Chem.Lett., 1291 (1986)). The resulting compound is then subjected to hydrolysis, or catalytic hydrogenation method 
as described in (Scheme 1), whereby the carboxylic acid (1a) can be obtained. 



(Scheme 2) 
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35 [01 13] In the below-described (Scheme 3), another process for preparing the compound of the formula (1 0) is indi- 
cated. An urea derivative (13) is available by reacting the aniline derivative (6) with an isocyanate (12) which is com- 
mercially available or can be prepared in a known manner in an inert halogenated hydrocarbon solvent such as meth- 
ylene chloride, an inert hydrocarbon solvent such as toluene or an inert ether solvent such as tetrahydrofuran at a 
temperature range of from -20°C to the boiling point of the solvent, preferably from 0°C to the boiling point of the 

40 solvent. Then, for example, by treating the compound (13) with an organic acid such as pyridinium para-toluenesul- 
fonate in an inert halogenated hydrocarbon solvent such as methylene chloride at a temperature range from room 
temperature to the boiling point of the solvent, the ring closed compound (1 0) is available (M.J.Suto et ai, Tetrahedron 
Lett., 36, 7213(1995)). 



45 

[ Scheme 3 ] 
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(6) + W 1 — NCO 

(12) Y 7f 




(10) — - (1a) 
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[01 14] In the below-described (Scheme 4), a compound of the formula ( 1 b) can be prepared in the following manner. 
A 2-benzazole chloride derivative (1 6) and an amine derivative (17) each available commercially or readily in a known 
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manner are treated in an inert polar solvent such as N ( N-dimethylformamide or an inert hydrocarbon solvent such as 
xylene at a temperature range of from room temperature to the boiling point of the solvent, preferably from 100°C to 
the boiling point of the solvent or treated in a solventless manner at a temperature range of from room temperature to 
200°C, preferably from 1 00 to 200°C, whereby a compound of the formula (1 8) can be obtained. This reaction may be 
5 effected in the presence of an organic amine base such as triethylamine or an inorganic base such as potassium 
carbonate. Then, by hydrolysis or hydrogenolysis of an ester portion in accordance with the hydrolysis or catalytic 
hydrogenation method as shown in (Scheme 1A), the carboxylic acid (1b) can be obtained. 



(Scheme 4) 
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[0115] In the below-described (Scheme 5) to (Scheme 9), a preparation process of a compound of the formula (2) 
or (3) to be used in the above-described reaction as a raw material will be indicated (in the scheme, R 11 , R 12 , R 13 , R 14 

30 R15 ( R16 J p£ 2, Z 1 , R 10 and R 17 have the same meanings as described above, X 4 represents a carbon or nitrogen 
atom, Z 3 represents a substituted or unsubstituted arylene group or a substituted or unsubstituted heteroarylene group, 
Z 4 represents a substituted or unsubstituted cycloalkylene group or a substituted or unsubstituted hetero cycloalkylene 
group, Z 5 represents a substituted or unsubstituted arylene group or a substituted or unsubstituted heteroarylene group, 
R30 represents a lower alkyl group, E represents a protecting group (Protective Groups in Organic Synthesis, eds. by 

35 T.W.Greene and RG.Wuts, John Wiley & Sons, Inc., New York, 1 991 ) of a primary or secondary amine and n 1 stands 
for 0, 1 or 2). 

[0116] In the below-described (Scheme 5), indicated is a process for preparing compounds of the formulas (2a) and 
(2b) including a step of forming an ether bond portion. An ester derivative (20) available commercially or in a known 
manner can be converted into the corresponding alcohol derivative (22) by known reduction. For example, the alcohol 

40 derivative (22) can be prepared by, after acidic or alkaline hydrolysis of the ester derivative (20) into the corresponding 
carboxylic acid (21), treating the resulting compound with borane or a reducing agent of such a kind in an inert halo- 
genated hydrocarbon solvent such as methylene chloride, an inert hydrocarbon solvent such as toluene or an inert 
ether solvent such as tetrahydrofuran at a temperature range of from -20°C to the boiling point of the solvent, preferably 
from 0°C to the boiling point of the solvent. In this reduction, a preferable protecting group must be introduced as E of 

45 the ester derivative (20) and a tertiary butyloxycarbonyl group is preferred as it. Alternatively, the alcohol derivative 
(22) can be prepared not via the carboxylic acid (21 ) but directly from the ester derivative (20). For example, the alcohol 
derivative (22) can be prepared by treating the ester derivative (20) with a reducing agent such as diisobutyl aluminum 
hydride in an inert ether solvent such as tetrahydrofuran, preferably in an inert hydrocarbon solvent such as toluene 
or an inert halogenated hydrocarbon solvent such as methylene chloride at a temperature range of from -78°C to the 

so boiling point of the solvent, preferably from 0°C to room temperature. Also in this case, a preferable protecting group 
must be introduced as E of the ester derivative (20) and, as it, a tertiary butyloxycarbonyl group is preferred. After 
formation of an ether bond by the Mitsunobu reaction with a phenol such as methyl 4-hydroxybenzoate and introduction 
of an aryl group or a heteroaryl group are conducted simultaneously, the protecting group E is removed. When E is a 
tertiary butyloxycarbonyl group, deprotection is performed by treating with trifluoroacetic acid in a solventless manner 

55 or in an inert halogenated hydrocarbon solvent such as methylene chloride, whereby the compound of the formula (2a) 
can be prepared. The ether bond formation of the compound (23) from the compound (22) can be conducted, instead 
of the above-described Mitsunobu reaction, by converting the primary hydroxy group of the compound (22) into an 
eliminating group such as mesyloxy group and then treating the resulting compound with a phenol such as methyl 
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4-hydroxybenzoate in an inert polar solvent such N.N-dimethylformamide at a temperature range from 0°C to 90°C in 
the presence of an inorganic base such as sodium hydride or potassium carbonate. In this case, a preferable protecting 
group E, for example, is a benzyloxycarbonyl group. 

[0117] When Z 3 of the compound (23) is an phenylene group, a cyclohexane derivative (24) can be prepared by 
nuclear reduction of the benzene ring in a known manner For example, a reduced derivative (24) can be prepared by 
catalytic hydrogenation of a compound of the formula (23) in an inert alcohol solvent such as methanol in the presence 
of a catalyst such as palladium, platinum oxide, preferably rhodium at 1 to 1000 atm, preferably 1 to 100 atm under a 
hydrogen atmosphere (R.A.Finnegan etal., J. Org. Chem., 30, 4145 (1965); A.I.Meyers era/., Org. Synth., 51, 103 
(1971)). The above-described reduction is preferably conducted in the presence of acetic acid or trifluoroacetic acid. 
The protecting group E is then removed, for example, by treating, when E is a tertiary butyloxycarbonyl group, with 
trifluoroacetic acid in a solventless manner or an inert halogenated hydrocarbon solvent such as methylene chloride, 
whereby a compound of the compound (2b) can be prepared. The compound (2b) is also available by deprotection of 
E from the compound (23), followed by the above-described reduction. 



[ Scheme 5 ] 




[0118] In the below-described (Scheme 5a), shown is a process permitting preparation of compounds of the formulas 
(3a) and (3b) in accordance with the preparation process of (Scheme 5) by using, as a raw material, a compound of 
the formula (22a) which is available commercially or in a known manner. Or, a primary alcohol derivative can be prepared 
in a known manner, for example, by converting the secondary hydroxy group of the compound (3a) into an eliminating 
group such as mesyloxy group, converting it into a cyano group by acting a cyanation agent such as potassium cyanide, 
then converting it into a formyl group by using diisopropyl aluminum hydride, and effecting reduction by sodium boro- 
hydride. An compound which is extended by one carbon between oxygen atom and ring in the compound (3b) can be 
prepared by using the resulting primary alcohol derivative as a raw material in accordance with the above-described 
ether bond formation method (A.Tarnowsky etaL, Bloorg. Med. Chem. Lett., 7, 573 (1997)). 
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[ Scheme 5a ] 




(22a) (3a) (3b) 

[0119] In the below-described (Scheme 6), indicated is a process for preparing a sulfide, sulfoxide or sulfone deriv- 
15 ative (2m) in a known manner by using the alcohol derivative (22) as a starting material. 

[01 20] For example, a compound of the formula (25) can be prepared by converting a primary hydroxyl group of the 
alcohol derivative (22) into an eliminating group such as mesyloxy group and then treating the resulting compound 
with a thiol, which is available commercially or in a known manner, in an inert ether solvent such as tetrahydrofuran, 
an inert halogenated hydrocarbon solvent such as methylene chloride, preferably in an inert polar solvent such as N, 
20 N-dimethylformamide at a temperature range of from -20°C to the boiling point of the solvent, preferably from room 
temperature to the boiling point of the solvent in the presence of a base such as potassium carbonate or sodium hydride. 
By subjecting the resulting compound to known oxidation reaction, its sulfide portion can be converted into a sulfoxide 
or sulfone group. 

[0121] For example, the compound (25) can be converted into the corresponding sulfoxide or sulfone derivative by 
25 treating it with commercially available 3-chloroperbenzoic acid or peroxide such as hydrogen peroxide in an inert hal- 
ogenated hydrocarbon solvent such as methylene chloride at a temperature range of from -78°C to the boiling point 
of the solvent, preferably from -20°C to room temperature. The protecting group E is then removed from the compound 
(25), or sulfoxide or sulfone derivative. thereof, whereby a compound (2m) can be prepared. 

30 

(Scheme 6) 
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[0122] In the below-described (Scheme 7), a process for preparing compounds of the formulas (2c) and (2d) including 
a step of forming an amide bond is indicated. An amide derivative (27) or (29) can be prepared by reacting the carboxylic 

45 acid derivative (21 ) and a chain amine (26) or cyclic amine (28), which is available commercially or in a known manner, 
by using a condensing agent such as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, N,N-dicyclohex- 
ylcarbodiimide or N,N-carbonyldiimidazole or an analogue thereto in an inert halogenated hydrocarbon solvent such 
as methylene chloride, an inert hydrocarbon solvent such as toluene, an inert ether solvent such as tetrahydrofuran 
or an inert polar solvent such as N.N-dimethylformamide at a temperature range of from -20°C to the boiling point of 

50 the solvent, preferably from 0°C to room temperature. This reaction can also be conducted in the presence of an 
organic amine base such as triethylamine or N,N-dimethylaminopyridine, or the organic amine base and 1-hydroxy- 
benzotriazole. By deprotection of E, the compound of the formula (2c) or (2d) can be prepared. 
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. [. Scheme 7 ] 
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[0123] In the below-described (Scheme 8), a preparation process of a compound of the formula (2e) or (2f) including 
an N-alkylating step is indicated. The alcohol derivative (22) in (Scheme 5) can be converted into the corresponding 
aldehyde derivative (31) by oxidizing a primary hydroxyl group into an aldehyde in a known manner. For example, 
oxidation using a chromic acid, or oxidation using dimethylsulfoxide, for example, Swern oxidation is usable for con- 
version. The resulting aldehyde derivative (31) is then subjected to reductive N-alkylation reaction with the above- 
described amine derivative (26) or (28) in a known manner. This reducing reaction can be conducted using a reducing 
agent such as sodium cyanoborohydride or triacetoxy sodium borohydride in an inert alcohol solvent such as methanol 
or an inert ether solvent such as tetrahydrofuran. When sodium cyanoborohydride is used, reaction is preferably con- 
ducted under acidic conditions, for example, in the presence of acetic acid. The N-alkylation reaction can also be 
conducted by catalytic hydrogenation using a commercially available catalyst such as palladium-carbon. By the de- 
protection of protecting group E from the reduced derivative (32) or (34), a compound of the formula (2e) or (2f) can 
be prepared. 



[ Scheme 8 ] 
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[01 24] In the below-described (Scheme 9), Indicated is a preparation process of the compounds of the formulas (2g), 
(2h) and (2i) which are compounds of the formula (2) wherein Ys are a carbon-carbon triple bond (ethynyl group), a 
carbon-carbon double bond (vinyl group) and a carbon-carbon single bond (ethyl group), respectively. 
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[ Scheme. 9 ] 




[0125] An acetylene derivative (35) can be prepared from the compound (31 ) in accordance with a known triple bond 
forming reaction, for example, by reacting trimethylsilyldiazomethane with a base such as lithium diisopropylamide in 
an inert ether solvent such as tetrahydrofuran at a temperature range of from -78° C to the boiling point of the solvent 
30 and then reacting the resulting compound with the above-described aldehyde derivative (31) (Y.lto etai, Synlett, 1163 

(1997) ). The acetylene derivative thus obtained is then reacted, in a known manner, with an aryl halide derivative or 
trifluoromethylsuifonyloxyaryl derivative, which is available commercially or in a known manner, in the presence of a 
palladium catalyst such as tetrakistriphenylphosphine palladium or palladium acetate and an organic base such as 
diisopropylamine or an inorganic base such as potassium carbonate in an inert polar solvent such as N,N-dimethyl- 

35 formamide at a temperature range of from -20°C to the boiling point of the solvent, preferably from 0°C to the boiling 
point, whereby the corresponding ethynyl derivative (36) can be prepared (T.Eckert etal., Synth. Commun., 28, 327 

(1998) ). By deprotection of E from the resulting derivative, a compound of the formula (2g) can be prepared. As the 
preferable protecting group E, a tert-butoxycarbonyl group can be exemplified. 

[0126] A vinyl derivative (38) is available in a known manner by using the above-described aldehyde derivative (31) 
40 as a raw material. The compound of the formula (38) can be prepared by reacting a Wittig-Horner reagent, which is 
available commercially or in a known manner, with a base such as lithium hexamethyldisilazane in an inert ether solvent 
such as tetrahydrofuran at a temperature range of from -78°C to the boiling point of the solvent, preferably from -78°C 
to room temperature and then reacting the resulting compound with the aldehyde derivative (31 ). Then, by deprotection 
of E, the compound of the formula (2h) can be prepared. Alternatively, the vinyl derivative (38) is available by subjecting 
45 the above-described ethynyl derivative (36) used as a raw material to known reducing reaction. For example, the 
ethynyl derivative (36) is subjected to catalytic hydrogenation in an inert alcohol solvent such as ethanol in the presence 
of a Lindlar catalyst and an organic amine base, such as quinoline, serving as a catalytic poison, whereby the vinyl 
derivative (38) can be prepared. Also upon preparation of the vinyl derivative, a preferable protecting group E must be 
used and as it, a tertiary butoxycarbonyl group is preferred. 
so [01 27] An ethyl derivative (39) is available by catalytic hydrogenation of the ethynyl derivative (36) or vinyl derivative 
(38) used as a raw material. Then, the protecting group E is removed, whereby the compound of the formula (2i) can 
be prepared. Alternatively, the compound of the formula (2i) can be obtained by catalytic hydrogenation of the ethynyl 
derivative (2g) or vinyl derivative (2h). 

[0128] In the below-described (Scheme 10) to (Scheme 13), a preparation process of a pyrrolidine is shown as a 
55 specific example of a preparation process of the compound of the formula (20) used as a raw material in (Scheme 5) 
(in the schemes, R 30 represents a lower alkyl group, R 31 , R 33 , R 36 and R 34 each independently represents a substituted 
or unsubstituted alkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted heteroaryl group, 
X s represents a cyano group, an amino group, an azide group, a halogen atom, a substituted or unsubstituted 
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monoalkylamino group, a substituted or unsubstituted dialkylamino group, a substituted or unsubstituted eye! oalky (ami- 
no group, a substituted or unsubstituted alkylsuffonylamino group, a substituted or unsubstituted allyioxy group, a 
substituted or unsubstituted alkylthio group, a substituted or unsubstituted aikyisu If oxide group or a substituted or 
unsubstituted alkylsulfone group and E has the same meaning as described above). 

[0129] In the below-described (Scheme 10), shown is a preparation process of a compound having a substituent 
introduced into the 4-position of pyrrolidine. An ester derivative (41 ) can be prepared by reacting commercialty available 
4-hydroxy-L-proline (40) with methanol hydrochloride, for example, at a temperature range of from room temperature 
to the boiling point of the solvent. The resulting ester derivative is then treated in an inert polar solvent mixture such 
as water and acetonitrile in the presence of an acid anhydride such as di-tert-butyl dicarbonate, an acyl-halide such 
as benzyloxycarbonyl chloride, an organic amine base such as triethylamine or an inorganic base such as potassium 
carbonate, whereby a compound of the formula (20a) can be prepared. The secondary hydroxyl group of the alcohol 
derivative (20a) can be converted into a secondary hydroxyl group having a contrary steric configuration by the Mitsu- 
nobu reaction. For example, the alcohol derivative (20a) and formic acid are subjected to the Mitsunobu reaction to 
introduce a formyloxy group into the secondary hydroxyl group portion, followed by alkaline hydrolysis by using an 
inorganic base such as potassium carbonate, preferably sodium bicarbonate, whereby the compound (20b) can be 
prepared. 



(Scheme 10) 




[0130] Alkoxy derivatives (20c) and (20d) can be prepared by treating the secondary hydroxyl group portion of the 
alcohol derivatives (20a) and (20b) in a known manner or while maintaining the steric structure in a known manner. 
For example, the alkoxy compounds (20c) and (20d) can be prepared by treating the alcohol compounds (20a) and 
(20b) in an inert ether solvent such as tetrahydrofuran or an inert polar solvent such as N,N-dimethylformamide at a 
temperature range of from -20° C to the boiling point of the solvent, preferably from -20° C to room temperature in the 
presence of an alkyl halide such as methyl iodide or benzyl bromide and an inorganic base such as sodium hydride. 
When the corresponding benzyloxy derivative is prepared by the above-described alkylation, it is preferred to add an 
inorganic base to the reaction mixture in the final stage of reaction at a temperature range of from -20°C to room 
temperature. A compound of the formula (I) having a hydroxy group at 4-position of the pyrrolidine ring can be prepared, 
for example, by protecting the 4-hydroxyl group of the pyrrolidine ring of the compound (20a) or (20b) with a tertiary 
butyldimethylsilyl group and then using the resulting compound as a raw material. 

[0131] By known S N 2 type nucleophilic displacement reaction of the secondary hydroxyl groups of the compounds 
(20a) and (20b), these compounds can be converted into the compounds (20e) and (20f), respectively. For example, 
a fluorine atom can be introduced by treating, for example, the compound (20a) with a fluorinating agent such as 
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diethylaminosulfurtrifluoride in an inert halogenated hydrocarbon solvent such as methylene chloride at a temperature 
range of from -78°C to the boiling point of the solvent, preferably from 0°C to room temperature (L.Demange et at., 
Tetrahedron Lett., 39, 11 69 (1 998)). 

Alternatively, a fluorine atom can be introduced by converting the secondary hydroxy! groups of the compounds (20a) 
5 and (20b) into an eliminating group such as alkyl or arylsulfonyloxy group, e.g., mesyloxy group and then treating the 
resulting compound with a fluoride of an alkali metal such as potassium fluoride or a fluoride of an alkaline earth metal 
such as cesium fluoride in an inert polar solvent such as N,N-dimethylformamide or ethylene glycol (G.Giardina etai, 
Syntett, 1 , 57 (1995)). A cyano group can be introduced into the mesyloxy derivative by acting thereon a cyanation 
agent such as potassium cyanide. The secondary hydroxyl group of each of the compounds (20a) and (20b) can be 
10 converted into a chlorine atom by reacting it with triphenylphosphine in a carbon tetrachloride solvent at a temperature 
range of from -20° C to the boiling point of the solvent, preferably from room temperature to the boiling point of the 
solvent (T.R.Webb et a/., J. Org. Chem., 56, 3009 (1 991)). It can also be converted into a phenoxy or phthaloyl group 
by the Mitsunobu reaction. This phthaloyl group can be converted into an amino group in a known manner by treating 
it with a commercially available hydrazine hydrate in an inert alcohol solvent such as ethanol. Furthermore, this amino 
15 group can be converted into a monoalkylamino or dialkylamino group by the above-described reductive amination 
reaction or treatment with a carbon halide such as iodomethane in the presence of an organic amine base such as 
triethylamine or an inorganic base such as potassium carbonate. 

[0132] The above-described conversion into an amino group can be conducted by an alternative process. For ex- 
ample, after conversion of the secondary hydroxyl group of each of the compounds (20a) and (20b) into an eliminating 

20 group such as mesyloxy group, the compound is treated with lithium azide or sodium azide in an inert polar solvent 
such as N,N-dimethylformamide or inert ether solvent such as tetrahydrofuran at a temperature range of from -20°C 
to the boiling point of the solvent, whereby the corresponding azide derivative can be obtained. It is then treated with 
triphenylphosphine and water in a known reducing method in an inert ether solvent such as tetrahydrofuran at a tem- 
perature range of from -20°C to the boiling point of the solvent, preferably from room temperature to the boiling point 

25 of the solvent, or is subjected to catalytic hydrogenation or reduction with a reducing agent such as sodium borohydride 
in a known manner to convert the group into an amino group. An introduction of substituent at the3-position of pyrrolidine 
ring can also be conducted by using commercially available trans-3-hydroxy-L-proline as a raw material in accordance 
with the manner described in (Scheme 10). 

[0133] In the below-described (Scheme 11), a process for preparing dehydropyrrolidine (20g) in a known manner is 
30 indicated. For example, a 3,4-dihydropyrrolidine derivative (20g) can be prepared by converting the secondary hydroxyl 
group of the derivative (20a) into an eliminating group such as a mesyloxy group or bromine atom, preferably iodine 
atom, and then treating the resulting compound with an organic amine base such as 1,8-diazabicyclo(5,4,0)-7-un- 
decene . Alternatively, the 3,4-dihydropyrrolidine derivative (20g) can be prepared by converting the secondary hydroxyl 
group of the derivative (20a) into the above-described eliminating group, treating with phenylselenyl sodium, which 
35 has been prepared from diphenyl diselenide and sodium borohydride, in methanol and then treating with a peroxide 
such as hydrogen peroxide in methylene chloride in the presence of pyridine (H.Rueger etai, Can. J. Chem., 60, 291 8 
(1982)). 



[ Scheme H ] 
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[0134] In the below-described (Scheme 12), a process for preparing a 3,4-dihydroxy derivative (20h) and a 3,4-di- 
alkoxy derivative (20i) in a known manner by using, as a raw material, the compound (20g) shown in (Scheme 11) is 
specifically indicated. 

55 [0135] The compound (20g) can be converted into its corresponding 3,4-dihydroxy derivative (20h) by treating it with 
a commercially available oxidizing agent such as 4-methylmorpholin-4-oxide derivative and osmium tetraoxide in a 
mixture of an inert polar solvent such as acetone with water or an inert ether solvent such as tetrahydrofuran with 
water, at a temperature range of from -20°C to the boiling point of the solvent, preferably from 0°C to room temperature. 
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Then, the resulting compound can be converted into a dialkoxy derivative (20i) by treating with an aikyl halide such as 
methyl iodide or benzyl bromide in the presence of an inorganic base such as sodium hydride in an inert polar solvent 
such as N.N-dimethylformamide. Or, a derivative (20i) having a cyclic acetal or cyclic ketal introduced therein can be 
prepared by treating with a commercially available ketalization agent or acetalization agent in an inert polar solvent 
5 such as N.N-dimethylformamide or an inert halogenated hydrocarbon solvent such as methylene chloride in the pres- 
ence of an organic acid such as tosylic acid (J.E.Baldwin et at., Tetrahedron Lett., 35, 4649 (1994); D.M.Goli etai., 
Carbohydr.Res., 259, 21 9 (1 994)). The above-described ketal or acetal is usable as a protecting group forthe secondary 
hydroxyl group at the 3,4-position. The ketal or acetal derivative can be used as a raw material for the preparation of 
a compound of the formula (I) having 3,4-dihydroxypyrrolidine. 

w 



[ Scheme 12 ] 
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[0136] In the below-described (Scheme 13), a process for preparing a derivative (20j) having a substituent introduced 
at the 5-position of pyrrolidine in a known manner is indicated. For example, a commercially available N-(tertiary buty- 
loxycarbonyl)-L-pyroglutamate ester (42) can be converted into the corresponding ring-opened derivative (43) by treat- 
ing with an organolithium reagent such as phenyl lithium or a Grignard reagent such as methyl magnesium bromide 
30 jn an inert ether solvent such as tetrahydrofuran at a temperature range of from -20°C to the boiling point of the solvent, 
preferably from -20°C to room temperature. 

[0137] Then the resulting derivative can be converted into the corresponding cyclic imine derivative (44) by treating 
under acidic conditions, preferably, with trifluoroacetic acid to remove the tertiary butoxycarbonyl group. By catalytic 
hydrogenation of the resulting compound, the corresponding pyrrolidine derivative (20j) having a 2,5-cis configuration 
35 can be prepared (J.V.Betsbrugge etai, Tetrahedron, 54, 1 753 (1998)). It can also be prepared by, Instead of catalytic 
hydrogenation, reduction of imine with a reducing agent such as sodium cyan oboro hydride. A pyrrolidine derivative 
having a 2,5-trans configuration can be prepared, for example, by using commercially available benzyl glycidyl ether 
as a starting material in accordance with Takano's procedure (S.Takano etai, Tetrahedron Lett., 30, 3805 (1989)). 

40 

[ Scheme 13 ] 
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[0138] In the below-described (Scheme 14) to (Scheme 18), a process for preparing the compound of the formula 
(4) serving as a raw material in (Scheme 1) from commercially available amino acid, for example, glycine, is shown 
(in these schemes, E, R 20 , R 10 , R 28 , R 20 , Z, Z 3 , Z 4 , A 2 , X* n 1 and R 19 have the same meanings as described above). 
[0139] The below-described (Scheme 14) indicates that compounds of the formulas (4a), (4b) and (4c) can be syn- 
5 thesized in accordance with the preparation process as shown above in (Scheme 5) and (Scheme 6) by using as a 
raw material a glycine derivative (45) which can be prepared in a known manner. 
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[0140] The below-described (Scheme 15) indicates that compounds of the formulas (4d) and (4e) can be prepared 
in accordance with a preparation process shown in (Scheme 7) by using the above-described glycine derivative (45) 
as a raw material. 

30 

[ Scheme 15 3 
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[0141] The below-described (Scheme 16) indicates that compounds of the formulas (4f) and (4g) can be prepared 
in accordance with a preparation process as shown in (Scheme 8) by using the above-described alcoholic derivative 
(46) as a raw material. 



45 



[ Scheme 16 ] 



so u ~ ~ I 

(46) 



55 



p2 0 



— "'"^f\ ft Or h'^N' 2 ^R'° 

(4f) (4g) 

[01 42] The below-described (Scheme 1 7) indicates that compounds of the formulas (4h), (4i) and (4j) can be prepared 
in accordance with a preparation process as shown in (Scheme 9) by using the above-described alcohol derivative 
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(46) as a raw material. 



[ Scheme 17 ] 




[0143] The below-described (Scheme 18) indicates that a primary amine (48) which is available commercially or in 
a known manner can be converted into a compound of the formula (4k) in accordance with the reductive N-alkylating 
reaction as shown in (Scheme 8) by reacting the primary amine with an aldehyde derivative (49) which is available 
is commercially or in a known manner. 



[ Scheme 18. ] 



20 




25 

[0144] As described later in Tests, the invention compounds or salts thereof thus obtained selectively inhibit the 
binding of cell adhesion molecules to VLA-4 and at the same time, exhibits high oral absorption. Accordingly, the 
invention compounds are useful as a preventive or remedy of diseases caused by VLA-4-related cell adhesion, that 
is, various diseases mediated by migration and adhesion of leukocytes, such as inflammatory diseases, autoimmune 
30 diseases, metastasis, bronchial asthma, rhinostenosis, diabetes, arthritis, psoriasis, multiple sclerosis, inflammatory 
intestinal diseases and rejection upon transplantation. 

[01 45] The medicament of the present invention can be administered through various administration routes including 
oral administration. 

[0146] As an injection, they can be administered by any one of intravenous injection, intramuscular injection or sub- 
35 cutaneous administration. 

[0147] Such formulations can be prepared by selecting a proper form depending on the administration route and 
adopting a usually employed method for it. 

[01 48] Examples of orally administrable formulations include tablets, powders, granules, capsules, solutions, syrups, 
elixirs, and oily or aqueous suspensions. Injections sometimes contain a stabilizer, antiseptic, solubilizing aid or the 
to like. It is possible that after an injection solution which may contain such an aid is encapsulated in a container, it may 
be lyophilized into a solid formulation and reconstituted upon use if desired. Liquid formulations include solutions, 
suspensions and emulsions. Upon preparation of them, a suspending agent or emulsifying agent can be added as an 
additive. 

[0149] The medicament containing the invention compound is preferably administered to adult by repeating once/ 
^5 day administration at proper intervals. Dosage falls within a range of 0.01 mg to 2000 mg, preferably 0.1 mg to 1 000 mg. 
[0150] To the medicament of the present invention, it is possible to use, in combination, an anti-inflammatory, anti- 
arthritic, adrenocortical steroid (corticosteroid), immunosuppressant, antipsoriatic, bronchodilator, a drug for bronchial 
asthma or antidiabetic as needed within an extent not damaging the effect of the invention. 

so Examples 

[0151] The present invention will hereinafter be described in detail by Examples. 

[0152] In Examples, "IR", "NMR" and "MS" mean "infrared absorption spectrum", "nuclear magnetic resonance spec- 
trum" and "mass spectrometry", respectively. A ratio of an eluting solvent used for separation and purification by chro- 
55 matography means a volumetric ratio. "IR" means the measurement by the KBr tablet method or ATR method. In the 
parentheses of "NMR" mean a measuring solvent with TMS (tetram ethyls i lane) used as an internal standard substance. 
"Anal. Calcd for rational formula" means a calculated value of elemental analysis, while a measured value is indicated 
after "Found". "HPLC" is an abbreviation of High Performance Liquid Chromatography and indicated in the parentheses 
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are column and eluting solvent. 



Example 1 



5 



4-((4S)-Fluoro-1-(2-phenylamino-6-benzoxa20lylacetyl-(2S)-pyrrolidinyImethoxy)benzoic acid: 



(Step 1) Synthesis of methyl 2-phenylaminobenzoxazol-6-acetate 



[0153] 



10 



CO,Me 



15 



[0154] In ethanol (10 ml) was dissolved methyl 3-hydroxy-4-nitrophenylacetate (592 mg, 2.81 mmol), followed by 
the addition of 5% palladium/carbon (1 94 mg). The resulting mixture was subjected to catalytic hydrogenation overnight 
under stirring at room temperature and normal pressure. After removal the catalyst from the reaction mixture by filtration 

20 through Celite under reduced pressure, the filtrated cake was washed with ethanol (30 ml). The filtrate was stirred at 
room temperature. After addition of phenyl isothiocyanate (370 u,l, 3.09 mmol) and stirring at room temperature for one 
hour, mercuric oxide (yellow) (1.1 g, 5.07 mmol) was added. The reaction mixture was heated under reflux for 3 hours. 
The mixture was then cooled and the insoluble matter was filtered out under reduced pressure. The filtrate was distilled 
under reduced pressure. The residue was purified by chromatography on a silica gel column, whereby methyl 2-phe- 

25 nylaminobenzoxazol-6-acetate (480 mg, 61%) was obtained as a white solid from chloroform-ethyl acetate (1 0:1 , v/v) 
eluate fractions. 

1 H-NMR (CDCI 3 ) 5: 3.69 (s, 2H), 3.70 (s, 3H), 7.11 (m, 2H), 7.24 (m, 1H), 7.30 (s, 1H), 7.50-7.38 (m, 3H), 7.59 (d, 
J=1.2Hz,2H). 

30 (Step 2) Synthesis of 2-phenylaminobenzoxazol-6-acetic acid 



40 [0156] In tetrahydrofuran (which will hereinafter be abbreviated as THF") (2 ml) and methanol (2 ml) was dissolved 
methyl 2-phenylaminobenzoxazol-6-acetate (460 mg, 1 .63 mmol), followed by the addition of 1 N NaOH (3.3 ml) under 
stirring at room temperature. After further stirring overnight at room temperature, the reaction mixture was concentrated 
into a small volume. The concentrate was acidified with acetic acid. The crystals thus obtained were collected by 
filtration, washed with water and then dried, whereby 2-phenylaminobenzoxazol-6-acetic acid (348 mg, 80%) was 

45 obtained as a pale yellow solid. 



1 H-NMR (DMSO-d 6 ) 6: 3.64 (s, 2H), 7.03 (t, J=7.6Hz, 1H), 7.11 (dd, J=1 .2,8.0Hz, 1H), 7.35-7.40 (m, 4H), 7.76 (d, 
J=8.8Hz, 2H), 10.60 (brs, 1H), 12.4 (br, 1H). 



[0155] 



35 




50 



55 
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(Step 3) Synthesis of methyl 4-((4S)-fluoro-1-(2-phenylamino-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy) 
benzoate 



[0158] In N.N-dimethylformamide (which will hereinafter be abbreviated as "DMF") (12 ml) were dissolved 2-phe- 
nylaminobenzoxazol-6-acetic acid (309 mg, 1 .15 mmol) and methyl 4- ((4S) -fluoro-(2S)-pyrrolidinylmethoxy)benzoate 
(292 mg, 1 .15 mmol), followed by the addition of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (which 
will hereinafter be abbreviated as "EDC-HCI") (331 mg, 1 .73 mmol), 1 -hydroxybenzotriazole (which will hereinafter be 
abbreviated as M HOBt M ) and 4-dimethylaminopyridine (which will hereinafter be abbreviated as "DMAP") under stirring 
at room temperature. The reaction mixture was further stirred overnight at room temperature. The reaction mixture 
was diluted with ethyl acetate. The diluted mixture was then washed with saturated brine, dried over anhydrous mag- 
nesium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography 
on a silica gel column, whereby from chloroform-methanol (10:1 , v/v) eluate fractions, methyl 4-((4S)-fluoro-1-(2-phe- 
nylamino-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)benzoate (560 mg, 96%) was obtained as a pale brown pow- 
der. 

1 H-NMR (CDCI 3 ) 5: 1 .20-1 .25 (m, 1 H), 2.02-2.22 (m, 1 H), 2.32-2.56 (series of dd, J=1 5.0,1 9.6Hz, total 1H), 3.63-4.13 
(m, total 4H), 3.85 (s, 3H), 4.51 (dd, J=4.4,8.8Hz, 1H), 4.62 (dt, J=4.4,8.8Hz, 1H), 5.29 (ABq, 1H), 6.84 (t, J=8.8Hz, 
1H), 6.95 (d, J=9.2Hz, 2H), 7.08 (t, J=6.3Hz, 2H), 7.31-7.42 (m, 3H), 7.60 (t, J=6.8Hz, 2H), 7.90-8.00 (m, 2H) . 

(Step 4) Synthesis of 4-((4S)-fluoro-1-(2-phenylamino-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)benzoic acid 



[0160] In THF (8 ml) and methanol (2 ml) was dissolved methyl 4-((4S)-fluoro-1-(2-phenylamino-6-benzoxazoly- 
lacetyl)-(2S)-pyrrolidinylmethoxy)benzoate (383 mg, 0.76 mmol). After addition of 0.25N NaOH (2 eq), the mixture was 
stirred overnight at room temperature. The reaction mixture was diluted with chloroform-methanol (5:1 , v/v). The diluted 
mixture was washed with 1N HCI, dried over anhydrous magnesium sulfate and distilled under reduced pressure to 
remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform- 
methanol (5:1 , v/v) eluate fractions, 4-((4S)-fluoro-1 - (2-phenylamino-6-benzoxazolyIacetyl)-(2S)-pyrrolidinylmethoxy) 
benzoic acid (210 mg, 56%) was obtained as a pale brown powder. 
IR (KBr)2977, 1683, 1643, 1604 cm- 1 ; 

1 H-NMR(DMSO-d 6 )5: 1.09 (t, J=7.0Hz, 1H) , 2.24-2.31 (m, 2H), 3.75-4.42 (m, total 7H), 5.44 (m, total 1H), 7.00-7.12 
(m, 4H), 7.37 (m, 4H), 7.75 (d, J=8.4Hz, 2H), 8.87 (d, J=8.4Hz, 2H). 
MS (FAB)m/z490 (M++1); 

Anal. Calcd for C 27 H 24 FN 3 0 5 .2.75H 2 0: C, 60.16; H, 5.52; N, 7.80. 
Found: C, 60.46; H,5.19;N, 7.24. 



[0157] 



F 




[0159] 
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Example 2 

4-((45) -Fluoro-1-(2-(2-methylphenylamino)-6-benzoxa2olylacetyl)-(2S)-pyrrolidlnylmem acid 
5 (Step 1 ) Synthesis of benzyl 5-fluoro-2-nitrophenyl ether 
[0161] 




15 

[0162] In DMF (300 ml), 5-fluoro-2-nitrophenol (10.0 g, 63.7 mmol), benzyl bromide (10.9 g, 63.7 mmol) and potas- 
sium carbonate (13.2 g, 95.6 mmol) were stirred at 80°C for 4 hours. After cooling, the reaction mixture was poured 
in water (200 ml), followed by extraction with ether (2 x 200 ml). The extract was washed with saturated brine (200 
ml), dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue 
20 was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (4:1 ) eluate fractions, the 
title compound (14.3 g, 91 .3%) was obtained as a pale yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 5: 5.22 (s, 2H), 6.71-6.75 (m, 1H), 6.83 (dd, J=10.3, 2.5Hz, 1H), 7.33-7.47 (m, 5H), 7.96 (dd, 
J=9.1, 5.4Hz, 1H). 

25 (Step 2) Synthesis of diethyl 3-benzyloxy-4-nitrophenylmalonate 

[0163] 




[0164] In DMF (100 ml) was suspended sodium hydride (4.63 g, 115.7 mmol). Under cooling at 0°C and stirring, 
diethyl malonate (18.5 g, 115.7 mmol) was added dropwise. After vigorous evolution of a hydrogen gas stopped, a 
solution of benzyl 5-fluoro-2-nitrophenyl ether (14.3 g, 57.8 mmol) in DMF (1 00 ml) was added to the reaction mixture 

40 at 0°C. The reaction mixture was stirred for 15 hours at room temperature. Water (500 ml) was poured and the mixture 
was extracted with ethyl acetate (300 ml). The extract was washed with saturated brine (200 ml), dried over anhydrous 
magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by chroma- 
tography on a silica gel column, whereby from hexane-ethyl acetate (3:1) eluate fractions, the title compound (22.0 g, 
100%) was obtained as a yellow oil. 

45 1H-NMR (CDCI3) 5: 1.24-1.28 (m, 6H), 4.18-4.29 (m, 4H), 4.62 (s, 1H), 5.25 (s, 2H), 7.05 (dd, J=8.3,1.7Hz, 1H), 
7.29-7.48 (m, 6H), 7.85 (d, J=8.3Hz, 1H). 

(Step 3) Synthesis of 3-hydroxy-4-nitrophenylacetic acid 

so [0165] 



55 
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[0166] A mixture of diethyl 3-benzyloxy-4-nitrophenylmalonate (22.0 g, 57.8 mmol), acetic acid (200 ml) and con- 
centrated hydrochloric acid (1 00 ml) was heated under reflux for 15 hours under stirring. After the reaction mixture was 
cooled to room temperature, the solvent was distilled off from the reaction mixture under reduced pressure. The solid 
thus obtained was collected by filtration under reduced pressure, followed by drying under reduced pressure, whereby 
5 the title compound (5.45 g, 48%) was obtained as a pale yellow amorphous substance. 

1 H-NMR (DMSO-d 6 ) 5: 3.64 (s, 2H), 6.88 (dd, J=8.3,1 .6Hz), 7.05 (s, 1H), 7.85 (d, J=8.3Hz, 1H), 10.90 (s, 1H), 12.55 
(brs,1H). 

(Step 4) Synthesis of methyl 3-hydroxy-4-nitrophenylacetate 

10 

[0167] 



C0 2 Me 
OH 

[0168] To 3-hydroxy-4-nitrophenylacetic acid (5.45 g, 27.6 mol) and methanol (100 ml) was added concentrated 
20 sulfuric acid (0.5 ml). The mixture was then heated under reflux for 4 hours under stirring. After cooling to room tem- 
perature, the reaction mixture was distilled under reduced pressure to remove the solvent. Water (100 ml) was added 
to the residue, followed by extraction with ether (300 ml). The extract was washed successively with a saturated aque- 
ous solution (100 ml) of sodium bicarbonate and saturated brine (100 ml), dried over anhydrous magnesium sulfate 
and distilled under reduced pressure to remove the solvent, whereby the title compound (4.90 g, 84%) was obtained 
25 as a yellow crystalline powder. 

1 H-NMR (CDCI 3 ) 5: 3.67 (s, 2H), 3.73 (s, 3H), 6.91 (d, J=8.3Hz, 1 H), 7.08 (s, 1 H), 8.06 (d, J=8.3Hz, 1 H), 10.59 (s, 1 H) . 

(Step 5) Synthesis of methyl 2-(2-methylphenylamino)-6-benzoxazolylacetate 

30 [0169] 



35 




40 [0170] In ethanol (20 ml) was dissolved methyl 3-hydroxy-4-nitrophenylacetate (1 .00 g, 4,74 mmol), followed by the 
addition of 5% palladium/carbon (500 mg). Under stirring at room temperature, the mixture was subjected to catalytic 
hydrogenation for 15 hours. After filtration of the reaction mixture through Celite to remove the insoluble matter, 2-tolyl 
isothiocyanate (765 u.l, 5.69 mmol) was added to the filtrate while stirring at room temperature. The reaction mixture 
was stirred for 15 hours. After addition of mercuric oxide (yellow) (1 .72 g, 7.94 mmol), the mixture was heated under 

45 reflux for5 hours under stirring. The reaction mixture was then cooled to room temperature. After filtration of the reaction 
mixture through Celite under reduced pressure, the solvent was distilled off under reduced pressure from the filtrate. 
The residue was purified by chromatography on a silica gel column, whereby from chloroform-ethyl acetate (10:1) 
eluate fractions, the title compound (1 .18 g, 84%) was obtained as a yellow oil. 

1 H-NMR (CDCI3) 8: 2.35 (s, 3H), 3.69 (s, 2H), 3.70 (s, 3H), 7.07 (t, J=8.1 Hz, 1 H), 7.12 (dd, J=8.1 ,1 .5Hz, 1 H), 7.22-7.33 
so (m, 3H), 7.40 (d, J=8.1Hz. 1H), 8.06 (d, J=8.1Hz, 1H). 



55 
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(Step 6) Synthesis of 2-(2-methylphenylamino)-6-benzoxazolylacetic acid 
[0171] 



5 




C0 2 H 



10 



[0172] THF (30 ml) and 0.25N NaOH (32 ml, 8.00 mmol) were added to methyl 2-(2-methylphenylamino)-6-benzox- 
azolylacetate (1.18 g, 3.98 mmol), followed by stirring at room temperature for 5 hours. The reaction mixture was 
15 poured in 1N HCI (50 ml), followed by extraction with a chloroform-methanol (5:1, 2 x 200 ml) mixture. The extract 
was dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent, whereby 
the title compound (867 mg, 77%) was obtained as a pale yellow amorphous substance. 

1 H-NNR (DMSO-d 6 ) 6: 2.31 (s, 3H), 3.64 (s, 2H), 7.09-7.13 (m, 2H), 7.24-7.30 (m, 3H), 7.39 (d, J=1.0Hz, 1H), 7.80 
(dd, J=7.3,1.5Hz, 1H). 
20 MS(ESI)m/z,283(M + +1). 

(Step 7) Synthesis of methyl 4-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)- 
pyrrolidinylmethoxy)benzoate 



35 [01 74] I n DM F (1 0 ml) were dissolved 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (300 mg, 1 . 06 mmol) and 
4-((45)-fluoro-(2S)-pyrrolidinylmethoxy)benzoate (269 mg, 1 .06 mmol). After addition of EDC-HCI (305 mg, 1 .59 mmol), 
HOBt (cat.) and DMAP (cat.) under stirring at room temperature, the mixture was stirred at room temperature for 15 
hours. Water (200 ml) was added and the mixture was extracted with ethyl acetate (200 ml). The extract was washed 
with saturated brine (2 x 200 ml), dried over anhydrous magnesium sulfate and distilled under reduced pressure to 

to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform- 
ethyl acetate (9:1) eluate fractions, the title compound (573 mg, 100%) was obtained as a yellow foam. 
1 H-NMR (CDCI 3 ) 5: 2.06-2.59 (series of m, 5H), 3.68-4.15 (series of m, 8H), 4.52-4.65 (m, 2H), 5.24 and 5.37 (m, each, 
total 1 H), 6.86-7.42 (series of m, 9H), 7.94-8.07 (m, 3H). 
MS (ESI) m/z, 518 (M + +1). 



(Step 8) Synthesis of 4-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy) 



25 [0173] 



30 




45 



benzoic acid 



[0175] 



50 
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[0176] In THF (10 ml) was dissolved methyl 4-((45)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)- 
pyrrolidinylmethoxy)benzoate (573 mg, 1 .11 mmol). After addition of 0.25N NaOH (8.8 ml, 2.2 mmol) under stirring at 
room temperature, the mixture was stirred at room temperature for 15 hours. The reaction mixture was poured in 1N 
HCI (50 ml), followed by extraction with a chloroform-methanol (5:1 , 2 x 200 ml). The extract was washed with anhy- 
5 drous magnesium sulfate and then distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from chloroform-methanol (20:1 to 10:1) eluate fractions, the title 
compound (365 mg, 65%) was obtained as a colorless crystalline solid. 

1 H-NMR (DMSO-d 6 ) 6: 2.25-2.51 (series of m, total 5H t including s, 3H, at d 2.30), 3.70-4.67 (series of m, 7H), 5.30-5.50 
(m, total 1H), 7.03-7.09 (m, 9H), 7.24-7.34 (m, 4H), 7.81-7.91 (m, 3H), 9.61 (brs, 1H) . 
10 MS(ESI)m/z, 504(M + +1); 

Anal. Calcd for C^HgeFNaOs.O.SHjjO: C, 65.62; H, 5.31; N, 8.20. 
Found: C, 65.97; H, 5.61; N, 7.73. 

Example 3 

15 

4-((4S)-Fluoro-1-(4-methoxy-2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)benzoic acid 
(Step 1) Synthesis of 3,5-difluoro-2-nitrophenol 
20 [0177] 



F 



25 




[0178] Dimethylsulfoxide (which will hereinafter be abbreviated as "DMSO") (50 ml) and 10N NaOH (12 ml, 120 
30 mmol) were added to 1 .S.S-trifluoro^-nitrobenzene (10.0 g, 56.5 mmol). The mixture was stirred at room temperature 
for 15 hours. Water (100 ml) and ether (200 ml) were added to separate the reaction mixture into layers. The water 
layer thus obtained was acidified with 1N HCI, followed by extraction with ether (2 x 200 ml). The extract was dried 
over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from chloroform -ethyl acetate (10:1) eluate fractions, the 
35 title compound (7.97 g, 81%) was obtained as a yellow crystalline powder. 

1 H-NMR (CDCI 3 ) 5: 6.53-6.59 (m, 1H), 6.66-6.70 (m, 1H), 10.87 (d, J=1.2Hz, 1H). 

(Step 2) Synthesis of 3,5-difluoro-2-nitroanisole 

40 [0179] 




50 [0180] In DM F (50 ml) was dissolved 3,5-difluoro-2-nitrophenol. Potassium carbonate (1 0.4 g, 75.5 mmol) and methyl 
iodide (6.3 ml, 100.6 mmol) were added and the mixture was stirred for 15 hours at room temperature. Water (300 ml) 
was added, followed by extraction with ether (500 ml). The extract was washed with saturated brine (2 x 200 ml), dried 
over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent, whereby the title com- 
pound (8.29 g, 87%) was obtained as a yellow crystalline powder. 

55 1H-NNR (DMSO-d 6 ) 6: 3.97 (s, 3H), 7.21-7.27 (m, 2H). 
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(Step 3) Synthesis of di-tert-butyl 3-fluoro-5H7iethoxy-4-nitrophenylma!onate 
[0181] 




CO,Bu4 
CO,Bi>4 



OMe 



[0182] In DMF (60 ml) was suspended sodium hydride (2.75 g, 68.7 mmol). Under stirring at 0°C, di-tert-butyl 
malonate (14.9 g, 68.7 mmol) was added dropwise. After vigorous emission of a hydrogen gas stopped, a solution of 
3,5-difluoro-2-nitroanisole (5.20 g, 27.5 mmol) in DMF (40 ml) was added. The reaction mixture was stirred at 80°C 
for 4 hours. After cooling the reaction mixture to room temperature, water (200 ml) was added to terminate the reaction, 
followed by extraction with ether (300 ml). The extract was washed with saturated brine (200 ml), dried over anhydrous 
magnesium sulfate and distilled reduced pressure to remove the solvent. The residue was purified by chromatography 
on a silica gel column, whereby hexane-ethyl acetate (10:1) eluate fractions, the title compound (6.56 g, 62%) was 
obtained as an yellow oil. 

1 H-NNR (CDCI 3 ) 8: 1.48 (s, 18H), 3.94 (s, 3H), 4.41 (s, 1H), 6.92 (m, 2H). 
(Step 4) Synthesis of 3-fluoro-5-methoxy-4-nitrophenylacetic acid . 



[0184] Acetic acid (7 ml) and concentrated hydrochloric acid (7 ml) were added to di-tert-butyl 3-fluoro-5-methoxy- 
4-nitrophenylmalonate (4.88 g, 12.7 mmol). The mixture was heated under reflux for 15 hours under stirring. After 
cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. To the residue were added 
1 N NaOH (200 ml) and ether (200 ml) to separate it into layers. The water layer thus obtained was acidified with 1 N 
HCI followed by extraction with ether (200 ml). The extract was dried over anhydrous magnesium sulfate and distilled 
under reduced pressure to remove the solvent, whereby the title compound (2.83 g, 97%) was obtained as a pale 
brown solid. 

1 H-NMR (CDCI3) 5: 3.68 (s, 2H), 3.93 (s, 3H), 6.78 (m, 2H), 9.31 (br s, 1H). 
(Step 5) Methyl 3-benzyloxy-5-methoxy-4-nitrophenylacetate 



[01 86] Sodium hydride (91 8 mg, 23.0 mmol) was added to benzyl alcohol (30 ml) in portions. After vigorous evolution 



[0183] 




[0185] 




NO, 
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of a hydrogen gas stopped, a solution of 3-fluoro-5-methoxy-4-nitrophenylacetic acid (2.63 g, 11.5 mmol) in benzyl 
alcohol (20 ml) was added to the reaction mixture. After stirring at 50°C for 15 hours, the reaction mixture was cooled. 
To the mixture was added 1N NaOH (100 ml), followed by extraction with ether (200 ml). After addition of 1N HCl to 
the water layer, the mixture was extracted with ether (2 x 200 ml). The extract was dried over anhydrous magnesium 

s sulfate and then, distilled under reduced pressure to remove the solvent, whereby a pale yellow oil was obtained. 
Methanol (50 ml) and concentrated sulfuric acid (0.5 ml) were added to the resulting oil and the mixture was heated 
and refluxed for 4 hours under stirring. The reaction mixture was then cooled to room temperature. After addition of a 
saturated aqueous solution of sodium bicarbonate for neutralization, the mixture was extracted with chloroform (2 x 
250 ml). The extract was dried over anhydrous magnesium sulfate and then distilled under reduced pressure to remove 

10 the solvent. 

The residue was purified by chromatography on a silica gel column , whereby from chloroform eluate solutions, the title 
compound (2.77 g, 61%) was obtained as a yellow oil. 

1 H-NMR (CDCI 3 ) 8: 3.58 (s, 2H) ( 3.69 (s, 3H), 3.88 (s, 3H), 5.15 (s, 2H), 6.55 (s, 1 H), 6.60 (d, J=1 .2Hz, 1 H), 7.36 (m, 5H) . 
15 (Step 6) Synthesis of methyl 4-methoxy-2-(2-methylphenylamino)-6-benzoxazolylacetate 
[0187] 




[0188] In ethanol (100 ml) was dissolved methyl 3-benzyloxy-5-methoxy-4-nitrophenylacetate (2.77 g, 8.36 mmol), 
followed by the addition of 5% palladium/carbon (1 g). Under stirring at room temperature, the resulting mixture was 

30 subjected to catalytic hydrogenation for 15 hours. The reaction mixture was filtered through Celite under reduced 
pressure to remove the insoluble matter. To the filtrate was added 2-totyl thioisocyanate (1 .35 ml, 10.0 mmol) under 
stirring at room temperature. The mixture was stirred at room temperature for 15 hours. Mercuric oxide (yellow) (3.08 
g, 1 4.2 mmol) was added and the mixture was heated and refluxed for 4 hours under stirring. After the reaction mixture 
was cooled to room temperature, the insoluble matter was filtered off through Celite. The residue obtained by distilling 

35 off the solvent from the filtrate was purified by chromatography on a silica gel column, whereby from chloroform-ethyl 
acetate (4:1 ) eluate fractions, the title compound (1 .30 g, 48%) was obtained as a brown oil. 

1 H-NMR (CDCI3) 5: 2.33 (S, 3H), 3.66 (s, 2H), 3.71 (d, J=0.49Hz, 3H), 3.96 (s, 3H), 6.67 (s, 1H), 6.93 (d, J=0.49Hz, 
1H), 7.05 (t, J=7.3Hz, 1H), 7.20 (d, J=7.3Hz, 1H), 7.28 (m, 1H), 8.06 (d, J=8.1Hz, 1H). 

40 (Step 7) Synthesis of 4-methoxy-2-(2-methylphenylamino)-6-benzoxazolylacetic acid 

[0189] 



45 



50 




[0190] In THF (30 ml) was dissolved methyl 4-methoxy-2-(2-methylphenylamino)-6-benzoxazolylacetate (1.30 g, 
3.98 mmol), followed by the addition of 0.25N NaOH (32 ml, 8.00 mmol). The mixture was stirred at room temperature 
55 for 1 5 hours. The reaction mixture was poured in 1 N HCl (1 00 ml), followed by extraction with a chloroform-methanol 
(4:1 , 2 x 200 ml) mixture. The extract was dried over anhydrous magnesium sulfate and distilled under reduced pres- 
sure to remove the solvent, whereby the title compound (1 .24 g, 1 00%) was obtained as a brown amorphous substance. 
1 H-NMR (CDCI3) 8: 2.30 (s, 3H), 3.75 (m, 2H), 3.93 (s, 3H), 6.70 (s, 1 H), 6.93 (s, 1H) t 7.05 (s, 1H), 7.17-7.21 (m, 2H), 
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7.74 (d, J=7.1Hz, 1H). 



(Step 8) Synthesis of methyl 4-((45)-fluoro-1-(4-methoxy-2-(2-methylphenylamino)-6-ben2oxazolylacetyl)-(2S)- 
pyrrolidinylmethoxy)benzoate 



5 



[0191] 



10 




CO t Me 



15 



[0192] In DMF (10 ml) were dissolved 4-methoxy-2-(2-methylphenylamino)-6-benzoxazolylacetic acid (200 mg, 
0.640 mmol) and methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)benzoate. EDC-HCI (184 mg, 0.960 mmol), HOBt 
(cat.) and DMAP (cat.) were added under stirring at room temperature and stirring was conducted for 15 hours. Water 

20 (200 ml) was added to the reaction mixture, followed by extraction with ethyl acetate (300 ml). The extract was washed 
with saturated brine (2 x 200 ml), dried over anhydrous magnesium sulfate and distilled under reduced pressure to 
remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform- 
methanol (20:1) eluate fractions, the title compound (312 mg, 89%) was obtained as a yellow viscous oil. 
1 H-NMR (CDCI 3 ) 8: 2.04-2.57 (series of m, 5H), 3.61-4.14 (series of m, 11H), 4.48-4.65 (m, 2H), 5.22 and 5.36 (m, 

25 each, total 1 H), 6.66 (d, J=8.8Hz, 2H), 7.03-7.08 (m, 1 H), 7.20-7.29 (m, 2H), 7.51 (br s, 1 H), 7.95-8.03 (m, 2H). (Step 
9) Synthesis of 4-((4S)-fluoro-1 -(4-methoxy-2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmeth- 
oxy)benzoic acid 



[0193] In THF (5 ml) was dissolved methyl 4-((4S)-fluoro-1-(4-methoxy-2-(2-methylphenylamino)-6-benzoxazoly- 
lacetyl)-(2S)-pyrrolidinylmethoxy)benzoate (312 mg, 0.570 mmol), followed by the addition of 0.25N NaOH (4.6 ml, 
40 1.15 mmol). The resulting mixture was heated and refluxed for 4 hours under stirring. After the reaction mixture was 
cooled to room temperature, 1 N HCI (1 00 ml) was poured therein. The crystals thus obtained were collected by filtration 
under reduced pressure, washed with water and dried under reduced pressure, whereby the title compound (1 00 mg, 
33%) was obtained as a pale yellow amorphous substance. 

1 H-NMR (DMSO-d 6 ) 5: 2.17-2.51 (series of m, total 5H, including s, 3H, at d 2.30), 3.35-4.66 (series of m, total 10H, 
45 including s, 3H, at d 3.89), 5.32-5.51 (m, 1H), 6.68 and 6.99 (s, each, total 1 H), 7.03-7.09 (m, 3H), 7.23-7.27 (m, 2H), 
7.85-7.92 (m, 3H). 
MS (FAB) m/z, 534 (M + +1); 

Anal. Calcd for CggHgaFNaOg-O^S^O: C, 64.74; H, 5.34; N, 7.81 . 
Found: C, 64.68; H, 5.49; N, 7.67. 
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Example 4 



4-(4,4-Difluoro-1- (2-(2-methylphenylamino)*6-benzoxazolylacetyl)-2S-pyrrolidinylmethoxy)benzoic acid: 



(Step 1) Synthesis of methyl 4-(4,4-difluoro-1-(2-(2-methylphenylamino)-6-benzoxazoly!acetyl)-(2S)- 
pyrrolidinylmethoxy)benzoate 



[0194] 



Me 




CO t Me 



[0195] In DM F (6.6 ml) were dissolved methyl 4-(4,4-difluoro-(2S)-pyrrolidinylmethoxy)benzoate (160.2 mg, 0.591 
mmol), 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (166.7 mg, 0.591 mmol) and HOBt (16.0 mg, 0.118 mmol). 
To the resulting solution was added EDC-HCI (1 69.8 mg, 0.886 mmol) at room temperature. The resulting mixture was 
stirred overnight at room temperature. After the reaction mixture was diluted with ethyl acetate, the diluted mixture was 
washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the 
solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1 :1 , 
v/v) eluate fractions, the title compound (324.3 mg, 1 00%) was obtained as a light orange amorphous substance. 
1 H-NMR (CDCI 3 ) 5: 2.37 (3H, s), 2.47-2.70 (2H, m), 3.67 (1H, d, J=15.2Hz), 3.72 (1H, d, J=15.2Hz), 3.74-4.02 (total 
5H, m, including 3H, s at (3.84), 4.19 (1H, m), 4.38 (1H, m), 4.70 (1H, m), 6.80-7.43 (9H, series of m), 7.95 (2H, m), 
8.08 (1H/d, J=B.0Hz). 

(Step 2) Synthesis of 4-(4,4-difluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-2S-pyrrolidinylmethoxy) 
benzoic acid 



[01 97] In THF (6.5 ml) was dissolved methyl 4-(4,4-difluoro-1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)- 
pyrrolidinylmethoxy)benzoate (324.3 mg, 0.606 mmol). To the resulting solution was added 0.25N NaOH (6.5 ml) at 
0°C. After stirring overnight at room temperature, the reaction mixture was further stirred overnight at 50°C. The reaction 
mixture was concentrated, followed by neutralization with 1 N HCI. The crystals thus obtained were collected by filtration, 
washed with water and dried at 50°C, whereby the title compound (271 .9 mg, 88% for 2 steps) was obtained as a pale 
brown solid. 

IR(KBr)3440, 1685, 1641, 1604, 1577 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 2.28 (3H, s), 2.38-2.86 (2H, m), 3.65-4.27 (6H, m), 4.54 (1H, m), 6.95-7.38 (8H f series of m), 
7.79 (1H, d, J=8.0Hz), 7.82-7.93 (3H, m), 9.62 (1H, broad s). 
MS (ESI) m/z 522 (M++1) . 

Anal. Calcd for CgsH^NsOs-O^SHgO: C, 62.86; H, 4.99; N, 7.85; F, 7.10. 
Found: C, 63.09; H, 5.04; N, 7.66; F, 6.83. 



[0196] 




C0 2 H 
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Example 5 

4-((2S,4S)-1-(2-(2-Chlorophenylamino)-6-benzoxazolylace^ acid: 
5 (Step 1) Synthesis of methyl 2-(2-chlorophenylamino)-6-benzoxazolylacetate 
[0198] 




15 

[01 99] I n methanol (50 ml) was dissolved methyl 4-amino-3-hydroxyphenylacetate (2.30 g, 1 2.7 mmol). After addition 
of 2-methylphenyl thioisocyanate (1 .99 ml, 15.2 mmol) at room temperature, the mixture was stirred at room temper- 
ature for 3 hours. Mercuric oxide (yellow) (2.75 g, 15.2 mmol) was added to the reaction mixture. The mixture was then 
stirred at 50°C for 50 minutes. After cooling to room temperature, the reaction mixture was concentrated under reduced 
20 pressure. The residue thus obtained was purified by chromatography on a silica gel column (silica gel: 1 00 g), whereby 
from chloroform/ethyl acetate (1 0/1) eluate fractions, the title compound (3.35 g, 83%) was obtained as a pale yellow 
solid. 

1 H-NMR (CDCi 3 ) 5: 3.71 (s, 5H), 7.03 (dt, J=7.6,1 .5Hz, 1 H), 7.1 6 (dd, J=8.1 ,1 .7Hz, 1 H), 7.33 (d, J=1 .0Hz, 1 H), 7.36-7.43 
(m, 3H), 7.46 (d, J=8.1 Hz, 1 H), 7.52 (br, 1 H), 8.55 (dd, J=8.3,1 .7Hz, 1 H). 

25 

(Step 2) Synthesis of 2-(2-chlorophenylamino)-6-benzoxazolylacetic acid 



[0200] 




[0201] In THF (200 ml) was dissolved methyl 2-(2-chlorophenylamino)-6-benzoxazolylacetate (3.35 g, 10.6 mmol). 
After addition of 0.25N NaOH (200 ml), the mixture was stirred at room temperature for 1 6 hours. The reaction mixture 
was distilled under reduced pressure to remove the solvent. The residue was acidified with 1N HCI, followed by ex- 
40 traction with a chloroform/methanol (10/1) mixture. The extract was washed with saturated brine, dried over anhydrous 
sodium sulfate and distilled under reduced pressure to remove the solvent, whereby the title compound (2.94 g, 92%) 
was obtained as a pale brown solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.62 (s, 2H), 7.09 (d, J=7.8Hz, 1H), 7.19 (t, J=7.1Hz, 1H), 7.31 (d, J=8.1Hz, 1H), 7.39 (s, 1H), 
7.41 (d, J=7.6Hz, 1H), 7.52 (d, J=7.3Hz, 1H), 8,08 (d, J=6.8Hz, 1H), 9.99 (br, 1H). 

45 

(Step 3) Synthesis of methyl 4-( (2S,4S)-1-(2-(2-chlorophenylamino)-6-benzoxazolylacetyl)-4-fluoro- 
2-pyrrolidinylmethoxy)benzoate 

[0202] 



55 
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[0203] In DMF (5 mi), 2-(2-chlorophenylamino)-6-benzoxazoly!acetic acid (303 mg, 1.0 mmol), methyl 4-((25,45)- 
4-fluoro-2-pyrrolidinylmethoxy)benzoate (253 mg, 1 .0 mmol), EDC-HCI (288 mg, 1 .5 mmol), HOBt (203 mg, 1 .5 mmol) 
and triethylamine (0.70 ml, 5.0 mmol) were stirred at room temperature for 1 4 hours. The reaction mixture was poured 
in ice water (30 ml), followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over 
anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent The residue was purified by 
chromatography on a silica gel column (silica gel: 50 g), whereby from chloroform/acetone (10/1) eluate fractions, the 
title compound (360 mg, 67%) was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 2.05-2.30 (m, 1H), 2.35-2.60 (m, 1H), 3.75 (d, J=4.6Hz, 2H), 3.868 and 3.870 (each s, total 3H, 
amide isomers), 3.88-4.09 (m, 3H), 4.54-4.63 (m, 2H), 5.32 (dt, J=52.8,3.9Hz, 1H), 6.87 and 6.99 (each d, J=8.8 and 
9.0Hz respectively, total 2H, amide isomers), 7.04 (t, J=6.4Hz, 1H), 7.14 (d, J=8.1Hz, 1H), 7.33 (s, 1H), 7.36-7.53 (m, 
4H), 7.96 and 7.99 (each d, each J=9.0Hz, total 2H, amide isomers), 8.54 (dd, J=8.3,1.2Hz, 1H). 
MS (ESI) m/z 538 (M++1), 540 (M + +3). 

(Step 4) Synthesis of 4-((2S,4S)-1-(2-(2-chlorophenylamino)-6-benzoxazolylacetyl)-4-fluoro-2-pyrrolidinylmethoxy) 
benzoic acid 

[0204] 



F 

[0205] In THF (20 ml) was dissolved methyl 4-((2S,4S)-1 -(2-(2-chlorophenylamino)-6-benzoxazolylacetyl)-4-fluoro- 
2-pyrrolidinylmethoxy)benzoate (360 mg, 0.669 mmol), followed by the addition of 0.25N NaOH (20 ml). The resulting 
mixture was stirred at room temperature for 18 hours. The reaction mixture was distilled under reduced pressure to 
remove the solvent. The residue was then acidified with 1N HCI, followed by extraction with a chlorofoim/methanol 
(10/1 ) mixture. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under 
reduced pressure to remove the solvent. The residue was purified by thin-layer silica gel chromatography and separated 
using (chloroform/methanol (20/1)), whereby the title compound (273 mg, 78%) was obtained as a colorless amorphous 
substance. 

IR (KBr) 3396, 2978, 2941, 1701, 1637, 1603, 1572 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 2.23-2.37 (m, 2H), 3.32 (br, 2H), 3.76-4.72 (m, 7H), 5.31-5.57 (m, 1H), 7.02-7.11 (m, 3H), 7.18 
(t, J=6.1 Hz, 1 H), 7.28-7.35 (m, 1 H), 7.37 (s, 1 H), 7.41 (dt, J=8.0,1 .5Hz, 1 H), 7.52 (dd, J=8.0,1 .2Hz, 1 H), 7.86 and 7.89 
(each d, J=8.8 and 10.9Hz respectively, total 2H, amide isomers), 8.09 (d, J=7.3Hz, 1H), 8.31 (s, 1H). 
MS (ESI) m/z 524 (M-+1), 526 (M++3). 

Example 6 

4-((2S,4S)-1 -(7-Fluoro-2-(2-methylphenylamino)-6-benzoxazolylacetyt) -4-fluoro-2-pyrrolidinylmethoxy) benzoic acid: 

(Step 1) Synthesis of 1-benzyloxy-2,3-difluoro-6-nitrobenzene 

[0206] 



F 

BnO 
0 2 N 

[0207] In THF (200 ml) was dissolved 2,3-difluoro-6-nitrophenol (10.0 g, 57.1 mmol), followed by the addition of 
potassium carbonate (15.8 g, 114.2 mmol) and benzyl bromide (7.47 ml, 62.8 mmol) at room temperature. The reaction 
mixture was stirred at 60°C for 6 hours, DMF (100 ml) was added to the reaction mixture and the mixture was stirred 
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at 60°C for 24 hours. After cooling to room temperature, the reaction mixture was distilled under reduced pressure to 
remove the solvent. The residue was diluted with ether (100 ml), washed with saturated brine, dried over anhydrous 
sodium sulfate and distilled under reduced pressure to remove the solvent The residue was purified by chromatography 
on a silica gel column (silica gel: 1 00 g), whereby from the hexane/ethyl acetate (4/1 ) eluate fractions, the title compound 
5 (4.1 7 g, 28%) was obtained as a yellow solid. 

1 H-NMR (CDCI 3 ) 5: 5.29 (s, 2H), 7,00 (m, 1H), 7.38 (m, 3H), 7.46 (m, 2H), 7.66 (m, 1H). 

(Step 2) Synthesis of di-tert-butyl (3-benzyloxy-2-fluoro-4-nitrophenyl)malonate 

10 [0208] 



15 




20 [0209] In THF (100 ml) were dissolved 1-benzyloxy-2,3-difluoro-6-nrtrobenzene (4.17 g, 15.7 mmol) and di-tert-butyl 
malonate (3.52 ml, 15.7 mmol). To the resulting solution was added sodium hydride (60% in oil, 1 .26 g, 31 .4 mmol) in 
portions under stirring at 0°C. The reaction mixture was stirred at 0°C for 30 minutes and then at 80°C for 9 hours. Di- 
tert-butyl malonate (7.04 ml, 31.4 mmol) and sodium hydride (60%; 2.52 g, 52.8 mmol) were added and the mixture 
was stirred at 80°C for 2 days. After cooling to room temperature, the reaction mixture was poured in ice water (1 00 

25 ml), followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous 
sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography 
on a silica gel column (silica gel: 200 g), whereby from hexane/ethyl acetate (8/1) eluate fractions, the title compound 
(6.87 g, 95%) was obtained as an orange solid. 

1 H-NMR (CDCI3) 6: 1 .47 (s, 9H), 1 .49 (s, 9H), 4.83 (s, 1 H), 5.28 (s, 2H), 7.33-7.41 (m, 4H), 7.61 (d, J=8.5Hz, 1 H). 

30 

(Step 3) Synthesis of 2-f luoro-3-hydroxy-4-nitrophenyl acetic acid 
[0210] 



40 




[021 1 ] Di-tert-butyl (3-benzyloxy-2-fluoro-4-nitrophenyl)malonate (6.87 g, 1 4.9 mmol), acetic acid (200 ml) and con- 
centrated hydrochloric acid (35 ml) were stirred at 120°C for 6 hours. After cooling to room temperature, the reaction 
^5 mixture was concentrated under reduced pressure, whereby the title compound was obtained as a brown oil (this 
compound was provided for the subsequent reaction without further purification). 

(Step 4) Synthesis of methyl 2-fluoro-3-hydroxy-4-nitrophenylacetate 

so [0212] 
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[021 3] In methanol (300 ml), the above-described 1-benzyloxy-2-fluoro-6-nitrophenylacetic acid (14.9 mmol) and 
concentrated sulfuric acid (2 ml) were stirred at 70°C for 4 hours. After cooling to room temperature, the reaction 
mixture was concentrated under reduced pressure. The residue was neutralized with a saturated aqueous solution of 
sodium bicarbonate, followed by extraction with chloroform. The extract was washed with saturated brine, dried over 
anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column (silica gel: 200 g), whereby from the hexane/ethyl acetate (4/1 ) eluate fractions, 
the title compound (5.22 g, 100% (2 steps)) was obtained as a brown solid. 

1 H-NMR (CDCI 3 ) 8: 3.74 (s, 3H), 3.76 (d, J=1 .2Hz, 2H), 6.90 (dd, J=9.0,6.3Hz, 1H), 7.88 (dd, J=9.0,2.0Hz, 1H), 10.51 
<s,1H). 

(Step 5) Synthesis of methyl 4-amino-3-hydroxy-2-fiuorophenylacetate 
[0214] 




[021 5] Methyl 2-fluoro-3-hydroxy-4-nitrophenylacetate (5.22 g, 1 4.9 mmol), reduced iron powder (2.66 g, 47.7 mmol), 
sodium acetate-trihydrate (2.03 g, 14.9 mmol) and acetic acid (5.54 ml) were heated and refluxed at 110°Cfor4 hours 
in methanol :water (1 :4, 300 ml). After cooling to room temperature, the reaction mixture was filtered through Celite 
under reduced pressure to remove the insoluble matter. The filtrate was then concentrated, followed by extraction with 
ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column (silica 
gel: 50 g), whereby from hexane/ethyl acetate (2/1) eluate fractions, the title compound (1 .29 g, 44%) was obtained 
as a brown oil. 

1 H-NMR (CDCI3) 8: 3.54 (s, 2H), 3.68 (s, 3H), 4.99 (s, 2H), 6.42 (d, J=7.6Hz. 1H), 6.53 (d, J=7.1Hz, 1H). 

(Step 6) Synthesis of methyl 7-fluoro-2-(2-methylphenylamino)-6-benzoxazolylacetate 

[0216] 




[0217] Methyl 4-amino-3-hydroxy-2-fluorophenylacetate (1 .29 g, 6.48 mmol) was dissolved in methanol (20 ml). At 
room temperature, o-tolyl thioisocyanate (1 .05 ml, 7.78 mmol) was added and the mixture was stirred for 5 hours. 
Mercuric oxide (yellow) (1 .68 g, 7.77 mmol) was added to the reaction mixture, followed by stirring at 80°C for further 
3 hours. After the reaction mixture was cooled to room temperature, the solvent was distilled off under reduced pressure. 
The residue was purified by chromatography on a silica gel column (silica gel: 1 00 g), whereby chloroform/ethyl acetate 
(10/1) eluate fractions, the title compound (1 .31 g, 64% (2 steps)) was obtained as a pale brown solid. 
1 H-NMR (CDCI3) 5: 2.34 (s, 3H), 3.72 (s, 3H), 3.74 (s, 2H), 7.05-7.10 (m, 2H), 7.15 (d, J=7.8Hz, 1 H), 7.21 (d, J=8.6Hz, 
1H), 7.29 (t, J=7.8Hz, 1H), 7.32 (br, 1H), 8.01 (d, J=8.1Hz, 1H). 
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(Step 7) Synthesis of 7-fluoro-2-(2-methylphenylamino)-6-benzoxazolylacetic acid 
[0218] 



Me 
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[0219] Methyl 7-fluoro-2-(2-methylphenylamino)-6-ben2oxazolylacetate (1.31 g, 4.17 mmol) was dissolved in THF 
(30 ml), followed by the addition of 0.25N NaOH (30 ml). The resulting mixture was stirred at room temperature for 20 
hours. The reaction mixture was distilled under reduced pressure to remove the solvent. The residue was acidified 
with 1 N HCI followed by extraction with a chloroform/methanol (1 0/1) mixture. The extract was washed with saturated 
brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent, whereby the 
title compound (1 .08 g, 86%) was obtained as a pale brown solid. 

1 H-NMR (DMSO-d 6 ) 5: 2.30 (s, 3H), 3.68 (s, 2H), 7.09-7.18 (m, 3H), 7.25 (d, J=6.9Hz, 2H), 7.80 (d, J=8.1 Hz, 1 H), 8.30 
(s, 1H), 12.46 (br, 1H). 
MS (ESI) m/z301 (M + +1). 

(Step 8) Synthesis of methyl 4-((2S J 4S)-1-(7-fluoro-2-(2-methylphenylamino)-6-benzoxazolylacetyl)-4-fluoro- 
2-pyrrolidinylmethoxy)benzoate 



[0221] In DMF (5 ml), 7-fluoro-2-(2-methylphenylamino) -6-benzoxazolylacetic acid (300 mg, 1.0 mmol), methyl 
4-((2S,4S) -4-fluoro-2-pyrrolidinylinethoxy)benzoate (253 mg, 1.0 mmol), EDC-HCI (288 mg, 1.5 mmol), HOBt (203 
mg, 1 .5 mmol) and triethylamine (0.70 ml, 5.0 mmol) were stirred at room temperature for 14 hours. After the reaction 
mixture was poured in ice water (20 ml), the mixture was extracted with ethyl acetate. The extract was washed with 
saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column (silica gel: 50 g), whereby from chloroform/acetone 
(10/1) eluate fractions, the title compound (490 mg, 92%) was obtained as a colorless amorphous substance. 
1 H-NMR (CDC! 3 ) 6: 2.1 0-2.30 (m, 1 H), 2.35 (s, 3H), 2.58 <dd, J=1 9.8,15.2Hz, 1 H), 3.74 (s, 2H), 3.86 (s, 3H), 3.87-4.22 
(m, 3H), 4.54-4.63 (m, 2H), 5.30-5.43 (m, 1 H), 6.90 and 6.98 (each d, each J=9.1 Hz, total 2H, amide isomers), 7.04-7.1 3 
(m, 3H), 7.21 (d, J=7.8Hz, 2H), 7.30 (t, J=8.1Hz 1H), 7.94 (d, J=9.1Hz, 2H), 8.05 (d, J=8.3Hz, 1H). 
MS (ESI) m/z 536 (M + +1). 

(Step 9) Synthesis of 4-((2S,4S)-1-(7-fluoro-2-(2-methylphenylamino)-6-benzoxazolylacetyl)-4-fluoro- 
2-pyrrolidinylmethoxy)benzoic acid 




F 
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[0223] Methyl 4-((2S,4S)-1 -(7-fluoro-2-(2-methylphenylamino)-64)enzoxazotylacetyl)^-fluoro-2i5yrrolidinylmeth- 
oxy)benzoate (490 mg, 0.915 mmol) was dissolved in THF (40 ml). To the resulting solution was added 0.25N NaOH 
(40 ml), followed by stirring at room temperature for 1 4 hours. The reaction mixture was distilled under reduced pressure 
to remove the solvent. The residue was acidified with 1 N HCI, followed by extraction with a chloroform/methanol (10/1 ) 
mixture. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column (silica gel: 50 g), 
whereby from chloroform/methanol (20/1) eluate fractions, the title compound (394 mg, 83%) was obtained as a color- 
less amorphous substance. 

IR (KBr) 3249, 3051, 2978, 1685, 1641, 1579, 1510 crrr 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 2.20-2,26 (m, 2H), 2.31 (s/3H) , 3.74-4.80 (m, 7H), 5.35-5.55 (m, 1H), 7.03-7.14 (m, 5H), 7.25 
(t, J=6.6Hz, 2H), 7.80 (d, J=8.0Hz, 1 H), 7.86 and 7.90 (each d, J=8.8 and 9.0Hz respectively, total 2H, amide isomers), 
9.89 (br, 1H), 12.62 (br, 1H). 
MS (ESI)m/z522 (M + +1). 



4- ((4S)-Dimethylamino-1- (2- (2-methylphenylamino) -6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)benzoic acid 
(Step 1) Synthesis of methyl 4-((4S)-dimethylamino-1-(2-(2-methylphenylamino)-6-benzoxazolylacetylH2S)- 
pyrrolidinylmethoxy)benzoate 



[0225] In methylene chloride (1 5 ml), EDC(HCI (1 44 mg, 0.5 mmol) was added to methyl 4-((4S)-dimethylamino-(2S)- 
pyrrolidinylmethoxy)benzoate (140 mg, 0.5 mmol), 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (141 mg, 0.5 
mmol), HOBt (68 mg, 0.5 mmol) and triethylamine (208 jil, 1 .5 mmol) under stirring at 0 6 C. The reaction mixture was 
stirred at room temperature for 16 hours. Then, the solvent was distilled off under reduced pressure. Water (30 ml) 
was added to the residue and the mixture was extracted with ethyl acetate. The extract was washed with a saturated 
aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate and distilled under reduced pressure to 
remove the solvent. The residue thus obtained was purified by thin-layer silica gel chromatography, whereby from 
methanol-methylene chloride (5:95, v/v) eluate fractions, the title compound (230 mg, 85%) was obtained as a colorless 
oil. 

1 H-NMR (CDCI 3 ) 8: 2.24-2.61 (m, 11H), 3.17-3.22 (m, 1H), 3.71-3.87 (m, 5H), 4.11-4.21 (m, 1H), 4.42-4.52 (m, 1H), 
6.86-7.37 (m, 9H), 7.94 (d, J=7.6Hz, 2H), 8.10 (d, J=8.0Hz, 1H). 

(Step 2) Synthesis of 4-((4S)-dimethylamino-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)- 
pyrrolidinylmethoxy)benzoic acid 



Example 7 



[0224] 




[0226] 
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[0227] In THF (6.0 ml) and methanol (3.0 ml) was dissolved methyl 4-((4S)-dimethylamino-1 -(2-(2-methyIphenylami- 
no)-6-benzoxazolylacety1)-(2S)-pyrrolidlnylmethoxy)benzoate (230 mg, 0.42 mmol), followed by the addition of 1N 
NaOH (1 .5 ml, 1 .5 mmol). The resulting mixture was stirred at 70°C for 4 hours. The reaction mixture was concentrated 
under reduced pressure and the residue was acidified with water and 1 N HCI. The crystals thus obtained were collected 
5 by filtration under reduced pressure, washed with water and dried under reduced pressure, whereby the title compound 
(130 mg, 59%) was obtained as a white crystalline substance. 
IR (KBr) 2950, 1639, 1573, 1438, 1245, 1166; 

1 H-NMR (DMSO-d 6 ) 8: 1.80-2.50 (m, 11 H), 3.50-4.30 (m, 8H), 6.98-7.35 (m, 8H), 7.80-7.87 (m, 3H). 
MS (FAB) m/z 529 (M+H) + ; 
10 Anal. CalcdforC 30 H32N 4 O 5 -1.3H 2 O: C, 65.27; H, 6.32; N, 10.15. 
Found: C, 65.48; H, 6.21; N, 9.88. 

Example 8 

15 4-((2S,4S)-4-Hydroxy-1 - (2-(2-methylpheny!amino)-6-benzoxazorylacetyl)-2-pyrrolidinylmethoxy)benzoic acid: 

(Step 1) Synthesis of methyl 4-((2S,4S)-4-acetoxy-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)- 
2-pyrrolidinylmethoxy)benzoate 

20 [0228] 



25 




30 [0229] In DMF (1 0 ml), a mixture of 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (31 8 mg, 1 .1 3 mmol), 4-((2S, 
4S)-4-acetoxy-2-pyrrolidinylmethoxy)benzoate (330 mg, 1 .13 mmol), EDC-HCI (325 mg, 1 .70 mmol), HOBt (230 mg, 
1 .70 mmol) and triethyiamine (1 .1 8 ml, 8.50 mmol) was stirred at room temperature for 21 hours. The reaction mixture 
was poured in ice water (30 ml), followed by extraction with ethyl acetate. The extract was washed with saturated brine, 
dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was 

35 purified by chromatography on a silica gel column (silica gel: 40 g), whereby from chloroform/acetone (20/1) eluate 
fractions, the title compound (610 mg, 97%) was obtained as a colorless amorphous substance. 
1 H-NMR (CDCI 3 ) 5: 2.03 (s, 3H), 2.30 (d, J=2.9Hz, 2H), 2.36 (s, 3H), 3.56 and 3.59 (each s, total 1H, amide isomers), 
3,70 (s, 2H), 3.86 (s, 3H), 3.88 (m, 1H), 3.99-4.13 (m, 1H), 4.46-4.60 (m, 2H), 5.29-5.40 (m, 1H), 6.68 and 6.97 (each 
dd, each J=8.8 and 2.2Hz respectively, total 2H, amide isomers), 7.08 (t, J=7.1 Hz, 2H), 7.22 and 7.24 (each s, total 

40 2H, amide isomers), 7.27 and 7.30 (each s, total 2H, amide isomers), 7.36 (dd, JJ=7.8,2.7Hz, 1H), 7.96 (dd, 
J=9.0,2.4Hz, 2H), 8.01 and 8.04 (each s, total 1H, amide isomers). 
MS (ESI) m/z 558 (M++1). 

(Step 2) Synthesis of 4-((2S,4S)-4-hydroxy-1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-2-pyrrolidinylmethoxy) 
45 benzoic acid 

[0230] 



50 



OH 



55 




[0231] To a solution of methyl 4-((2S,4S)-4-acetoxy-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-2-pyrrolidi- 
nylmethoxy)benzoate (610 mg, 1 .09 mmol) in THF (40 ml) was added 0.25N NaOH (40 ml). The resulting mixture was 
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stirred at room temperature for 1 8 hours. The reaction mixture was concentrated under reduced pressure. The residue 
was acidified with 1 N HCI, followed by extraction with a chloroform-methanol (1 0/1) mixture. The extract was washed 
with water and brine, dried over anhydrous sodium sulfate and concentrated under reduced pressure to remove the 
solvent, whereby the title compound (500 mg, 92%) was obtained as a pale pink amorphous substance. 

5 IR(ATR) 3211, 2941, 2877, 1682, 1639, 1604, 1576, 1439 cm- 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1 .91-2.20 (m, 2H), 2.30 (s, 3H), 3.21 (d, J=13.2Hz, 1 H), 3.42 (d, J=1 1 .3Hz, 1 H), 3.71 and 3.73 
(each d, J=4.7 and 6.1Hz respectively, total 1H, amide isomers), 4.18-4.59 (m, 4H), 5.16 and 5.18 (each d, each 
J=2.9Hz, total 1 H, amide isomers), 7.01 and 7.08 (each d, J=9.1 and 8.3Hz, total 1 H, amide isomers), 7.05 (d, J=9.1 Hz, 
2H), 7.20-7.32 (m, 4H), 7.81 (d, J=7.8Hz, 1H), 7.86 and 7.89 (each d, J=8.8 and 9.1Hz, total 2H, amide isomers), 9.61 

10 (br, 1H), 12.56 (br, 1H). 
MS (ESI)m/z502 (M + +1). 

Example 9 

15 4-((3R, 4S) -lsopropylidenedioxy-1- (2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2R)-pyrrolidinylmethoxy) 
benzoic acid: 

(Step 1) Synthesis of 1-benzyloxycarbonyl-(3R,4S)-isopropylidenedioxy-(2S)-pyrrolidinylcarboxylic acid 
20 [0232] 



25 



0 O 



O^CO,H 



30 [0233] To a solution of methyl 1-benzyloxycarbonyl-(3R,4S)-isopropylidenedioxy-2-pyrrolidinylcarboxylate in THF 
(250 ml) was added 0.25N NaOH (255 ml). The resulting mixture was stirred overnight at room temperature. The 
reaction mixture was acidified with 1N HCI, followed by extraction with ethyl acetate. The extract was dried over an- 
hydrous sodium sulfate and distilled under reduced pressure to remove the solvent, whereby the title compound (9.87 
g, 96%) was obtained as a colorless oil. 

35 1H-NMR (CDCI 3 ) 8: 1 .32 (s, 3H), 1 .46 (d, J=2.7Hz, 3H), 3.61 (m, 1 H), 3.82 and 3.92 (each d, each J=1 2.7Hz, total 1 H, 
amide isomers), 4.58 and 4.64 (each s, total 1H, amide isomers), 4.77 (t, J=5.1Hz, 1H), 4.83 and 4.89 (each d, each 
J=5.9Hz, total 1H, amide isomers), 5.15 and 5.19 (d and s, J=2.4Hz, total 2H, amide isomers), 7.31-7.37 (m, 5H). 

(Step 2) Synthesis of 1-benzyloxycarbonyl-(3R, 4S)-isopropylidenedioxy-(2R)-pyrrolidinylmethanol 

40 

[0234] 



45 



O 0 

C^CH,OH 



[0235] To a solution of 1-benzyloxycarbonyl-(3R,45)-isopropylidenedioxy-(2S)-pyrrolidinylcarboxylic acid (9.87 g, 
30.7 mmol) in THF (200 ml) was added a borane dimethyl sulfide solution (6.14 ml, 61 .4 mmol) at 0°C. After stirring 
at room temperature for 2 hours, the reaction mixture was heated and refluxed for further 2 hours. The reaction mixture 
was then cooled to room temperature and concentrated under reduced pressure. Water (1 0 ml) was then added to the 
55 residue. The mixture was extracted with ethyl acetate. The extract was washed with water and saturated brine, dried 
over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column (silica gel: 200 g), whereby from chloroform/methanol (20/1 ) eluate fractions, 
the title compound (10.1 g, 100%) was obtained as a colorless oil. 
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1 H-NMR (CDCI 3 ) 8: 1.31 (s, 3H), 1.45 (s, 3H) f 3.56-4.74 (m, 7H), 5.14 (s, 2H), 7.34 (m, 5H). 

(Step 3) Synthesis of methyl 4-(1-benzyloxycarbonyl(3R,4S)-isopropylidenedioxy-(2R)-pyrrolidjnylmethoxy)benzo 

[0236] 




2 



[0237] DIAD (138 ml, 0.70 mmol) was added dropwise to a solution of 1 -benzyloxycarbonyl-(3R,4S)-isopropyliden- 
edioxy-(2R)-pyrrolldinylmethanol (312 mg, 0.64 mmol), methyl 4-hydroxybenzoate (67 ml, 0.70 mmol) and triphenyl- 
phosphine (184 mg, 0.70 mmol) in THF (7 ml) under stirring at 0°C in a nitrogen gas stream. The reaction mixture was 
stirred at room temperature for 3 hours. The residue obtained by concentration of the reaction mixture under reduced 
pressure was purified by chromatography on a silica gel column (silica gel: 10 g), whereby from hexane/ethyl acetate 
(4/1) eluate fractions, the title compound (321 mg, 83%) was obtained as a colorless oil. 

1 H-NMR (CDCI3) 5: 1.01 (s, 6H), 1 .03 (s, 3H), 2.23 (m, 1H), 2.63 (m, 1H), 3.61 (d, J=12.5Hz, 1H), 3.80-4.27 (m, 4H), 
4.84 (br, 1H), 5.01 and 5.08 (ABq, each J=12.2Hz, total 1H, amide isomers), 6.75-6.87 (m, 3H), 7.19-7.63 (m, 15H). 

(Step 4) Synthesis of methyl 4-((3R,4S)-isopropylidenedioxy-(2R)-pyrrolidinylmethoxy)benzoate 

[0238] 




[0239] In ethanol (170 ml) were suspended methyl 4-(1-benzyloxycarbonyl-(3R,4S)-isopropylidenedioxy-(2R)-pyr- 
rolidinylmethoxy)benzoate (2.37 g, 5.76 mmol) and 10% palladium/carbon (240 mg), followed by catalytic hydrogen- 
ation for one day under stirring at room temperature and normal pressure. The catalyst was filtered off and the filtrate 
was concentrated under reduced pressure. The residue thus obtained was purified by chromatography on a silica gel 
column (silica gel: 1 00 g), whereby from chloroform/ acetone (20/1 ) eluate fractions, the title compound (930 mg, 53%) 
was obtained as a brown oil. 

1 H-NMR (CDCI3) 5: 1.35 (s, 3H), 1.50 (s, 3H), 3.02 (dd, J=13.7,4.1Hz, 1H), 3.13 (d, J=13.7Hz, 1H), 3.58 (t, J=6.3Hz, 
1H), 3.88 (s, 3H), 3.90 (dd, J=9.3,6.6Hz, 1H), 4.02 (dd, J=9.5,3.9Hz, 1H), 4.74 (d, J=5.6Hz, 1H), 4.79 (m, 1H), 6.90 
(d, J=9.0Hz, 2H), 7.98 (d, J=9.0Hz, 2H). 

(Step 5) Synthesis of methyl 4-((3R,4S)-isopropylidenedioxy-1 - (2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2R)- 
pyrrolidinylmethoxy)benzoate 

[0240] 
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[0241] In DMF (10 ml), a mixture of 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (184 mg, 0.651 mmol), me- 
thyl 4-((3R l 4S)-isopropylidenedioxy-(2R)-pyrrolidinylmethoxy)benzoate (200 mg, 0.651 mmol), EDC-HCI (187 mg, 
0.977 mmol), 1 -hydroxybenzotriazole (1 32 mg, 0.977 mmol) and triethylamine (0.45 ml, 3.26 mmol) was stirred at room 
temperature for 22 hours. The reaction mixture was poured in ice water (30 ml) and the mixture was extracted with 
5 ethyl acetate. The extract was washed with water and saturated brine, dried over anhydrous sodium sulfate and distilled 
under reduced pressure to remove the solvent. The residue thus obtained was separated and purified by thin-layer 
silica gel chromatography with (chloroform/ acetone (5/1 )), whereby the title compound (389 mg, 1 00%) was obtained 
as a colorless amorphous substance. 

1 H-NMR (CDCI 3 ) 5: 1 .32 (s, 3H), 1 .40 (s, 3H) f 2.35 (s, 3H), 3.67-3.78 (m, 4H), 3.79 (s, 3H), 4.13 (dd, J=9.8,1 .9Hz, 1 H), 
10 4.43 (dd, J=9.8, 3.4Hz, 1 H), 4.68 (s, 1 H), 4.80 (d, J=6.1 Hz, 1 H), 4.89 (t, J=5.4Hz, 1 H), 6.76 (d, J=8.8Hz, 2H), 7.03 (d, 
J=8.1Hz, 1H), 7.07 (d, J=7.3Hz, 1H) , 7.13 (s, 2H), 7.21 (d, J=7.3Hz, 1H) , 7.29-7.38 (m, 2H), 7.93 (dd, J=7.1, 1.7Hz, 
2H) t 8.05 (d, J=8.1Hz,1H). 
MS (ESI) m/z 572 (M + +1). 

15 (Step 6) Synthesis of 4-((3R,4S)3,4-isopropylidenedioxy-1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2R)- 
pyrrolidinylmethoxy)benzoic acid 



[0243] To a solution of methyl 4-((3R,4S)-isopropylidenedioxy-1- (2-(2-methylphenylamino)-6-benzoxazolylacetyl) 

-(2R)-pyrrolidinylmethoxy)benzoate (1 88 mg, 0.329 mmol) in THF (1 5 ml) was added 0.25 NaOH (15 ml). The resulting 
30 mixture was stirred at room temperature for 17 hours. The reaction mixture was then concentrated under reduced 

pressure. The residue thus obtained was acidified with 1 N HCI. The crystals thus precipitated were collected by filtration 

under reduced pressure, washed with water and dried under reduced pressure, whereby the title compound (1 49 mg, 

81%) was obtained as a colorless solid. 

IR (ATR) 2989, 2939, 1685, 1639, 1604, 1576, 1510 cm" 1 ; 
35 1H-NMR (DMSO-d 6 ) 8: 1 .1 8, 1 .23, 1 .25 and 1 .30 (each s, total 6H, amide isomers), 2.39 (s, 3H), 3.65 and 3.69 (each 

d, J=6.1 and 5.4Hz respectively, total 1H, amide isomers), 3.74 and 3.78 (each s, total 1H, amide isomers), 3.82 and 

3.85 (each s, total 1H, amide isomers), 3.92 and 3.95 (each d, J=7.8 and 6.1Hz respectively, total 1H, amide isomers), 
4.11-4.20 (m, 2H), 4.43 and 4.54 (m and t, J=4.4Hz, total 1H, amide isomers), 4.74 (dd, J=6.1,2.4Hz, 1H), 4.84 and 
4.92 (each t, J=4.4 and 3.9Hz respectively, total 1H, amide isomers), 7.00 (s, 1H), 7.02 (s, 1H), 7.02 (s, 1H), 7.04 (s, 

40 1 H), 7.08 (d, J=7.1 Hz, 1 H), 7.1 9-7.25 (m, 3H), 7.31 and 7.33 (each s, total 1 H, amide isomers), 7.79 (d, J=7.8Hz, 1 H), 

7.86 and 7.89 (each dd, each J=9.1,2.2Hz, total 2H, amide isomers), 9.61 (br, 1H); 
MS (ESI) m/z 558 (M + +1); 

Anal. Calcd for C 31 R 31 N3O r 0.7H 2 O: C, 65.30; H, 5.73; N, 7.37. 
Found: C, 65.46; H, 5.67; N, 7.04. 



[0242] 



20 



25 




45 



50 



55 
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Example 10 

4-((3R,4S)-Dihydroxy-1-(2-(2-m^ acid: 

5 (Step 1) Synthesis of methyl 4-((3R,4S)-dihydroxy-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2R)- 
pyrro!idinylmethoxy)benzoate 

[0244] 



15 




[0245] A mixture of methyl 4-((3R,4S)-isopropylidenedioxy-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2R)- 
20 pyrrolidinylmethoxy)benzoate (201 mg, 0.352 mmol) and an HCI-gas-introduced methanol (20 ml) was stirred at room 
temperature for 16 hours. The reaction mixture was concentrated under reduced pressure. Water (30 ml) was added 
to the residue and the mixture was extracted with ethyl acetate. The extract was washed with a saturated aqueous 
solution of sodium bicarbonate and saturated brine, dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent, whereby the title compound (144 mg, 77%) was obtained as an amorphous substance 
25 (this compound was provided for the subsequent reaction without further purification). 

(Step 2) Synthesis of 4-((3R,4S)-dihydroxy-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2R)- 
pyrrolidinylmethoxy)benzoic acid 

30 [0246] 



35 




40 [0247] To a solution of methyl 4-{(3R,4S)-dihydroxy-1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2R)-pyrro- 
lidinylmethoxy)benzoate (144 mg, 0.271 mmol) in THF (4 ml) was added 0.25N NaOH (4 ml). The resulting mixture 
was stirred at room temperature for 21 hours. The reaction mixture was concentrated under reduced pressure. After 
1N HCI was added to the residue to acidify the same, the mixture was extracted with a chloroform/methanol (10/1) 
mixture. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced 

45 pressure to remove the solvent. The residue thus obtained was purified by chromatography on a thin-layer silica gel 
column with (chloroform/methanol (10/1)), whereby the title compound (24 mg, 17%) was obtained as a colorless 
amorphous substance. 

IR (ATR) 3205, 3060, 2937, 1687, 1639, 1604, 1576, 1512, 1487, 1439 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 2.30 (s, 3H), 3.39 (m, 1H), 3.65-3.80 (m, 3H), 4.00 (d, J=2.9Hz, 1H), 4.04 (s, 1H), 4.15-4.23 
50 (m, 2H), 4.30 (d, J=3.9Hz, 1 H), 5.08 (br, 2H), 7.02 (d, J=8.8Hz, 3H), 7.07 (t, J=7.3Hz, 1 H), 7.23 (d, J=7.6Hz, 3H), 7.30 
(S, 2H), 7.80 (d, J=8.1Hz, 1H), 7.86 (d, J=8.8Hz, 2H), 9.60 (br, 1H). 
MS (ESI) m/z518(M + +1). 
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Example 11 

4-((2S,4S)-1-(2-(2-Methylphenylam^ acid: 

(Step 1) Synthesis of methyl (25,45)-1-tert-butoxycarbonyl-4-(2-naphthyloxy)-2-pyrrolidinylcarboxylate 

[0248] 




boc 



[0249] DIAD (3.72 ml, 1 8.9 mmol) was added to a solution of methyl (2S,4S)-1 -tert-butoxycarbonyl-4-hydroxy-2-pyr- 
rolidinylcarboxylate (4.22 g, 17.2 mmol), 2-naphthol (2.73 g, 18.9 mmol) and triphenylphosphine (4.96 g, 18.9 mmol) 
in THF (80 ml) under stirring at room temperature in a nitrogen gas stream. The mixture was stirred overnight at room 
temperature. The residue, which had been obtained by concentrating the reaction mixture under reduced pressure, 
was purified by chromatography on a silica gel column (silica gel: 600 g), whereby from chloroform/ethyl acetate (1 0/1 ) 
eluate fractions, the title compound (5.37 g) was obtained as an amorphous substance (this compound was provided 
for the subsequent reaction without further purification). 

(Step 2) Synthesis of (2S,4S)-1-tert-butoxycarbonyl-4-(2-naphthyloxy)-2-pyrrolidinylcarboxylic acid 
[0250] 




[0251] To a solution of methyl (2S,4S)-1 -tert-butoxycarbonyl-4-(2-naphthyloxy)-2-pyrrolidinylcarboxylate (5.37 g) in 
THF (116 ml) was added 0.25N NaOH (116 ml, 29.0 mmol). The resulting mixture was stirred overnight at room tem- 
perature. The reaction mixture was concentrated under reduced pressure. The residue was acidified with 1N HCI, 
followed by extraction with chloroform. The extract was washed with saturated brine, dried over anhydrous sodium 
sulfate and distilled under reduced pressure to remove the solvent. The residue thus obtained was recrystallized from 
hexane-chloroform, whereby the title compound (4.44 g, 85% (2 steps)) was obtained as white crystalline powder. 
1 H-NNR (DMSO-d 6) 8: 1 .37 and 1 .41 (each s, total 9H, amide isomers), 2.26 (d, J=13.9Hz, 1H), 2.65 (m, 1H), 3.47 (d, 
J=1 1.5Hz, 1H), 3.81 (m, 1H), 4.30 (m, 1H) t 5.14 (m, 1H), 7.02-7.86 (m t 7H). 

(Step 3) (2S,4S)-1 -tert-Butoxycarbonyl-4-(2-naphthyloxy)-2-pyrrolidinylmethanol 

[0252] 



boc 

[0253] Borane-dimethyl sulfide (0.63 ml, 6.3 mmol) was added to a solution of (2S,4S)-1-tert-butoxycarbonyl- 
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4-(2-naphthyloxy)-2-pyrrolidinylcarboxylic acid (1 .12 g, 3.13 mmol) in THF (30 ml) under stirring at 0°C. The reaction 
mixture was.stirred at 50°C for 1.5 hours. After the reaction mixture was cooled to 0°C, water (20 ml) was added 
thereto. The mixture was then extracted with ethyl acetate. The extract was washed with saturated brine, dried over 
anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by 
5 chromatography on a silica gel column (silica gel: 50 g), whereby from chloroform/methanol (50/1) eluate fractions, 
the title compound (1 .1 0 g, 1 00%) was obtained as a pale yellow oil. 

1 H-NMR (CDCI 3 ) 6: 1 .48 (s, 9H), 2.45 (m, 1H), 3.58-4.80 (m, 4H), 5.01 (br, 1H), 7.04-7.99 (m, 7H). 

(Step 4) Synthesis of methyl 4-((2S t 4S)-1-tert-butoxycarbonyi-4-(2-naphthyloxy)-2-pyrrolidinylmethoxy)benzoate 

10 

[0254] 



15 




boc 



[0255] DIAD (0.37 ml, 1 .86 mmol) was added to a solution of (2S,4S)-1 -tert-butoxycarbonyl-4-(2-naphthyloxy)~2-pyr- 
rolidinylmethanol (640 mg, 1 .86 mmol), methyl 4-hydroxybenzoate (283 mg, 1 .86 mmol) and triphenylphosphine (488 
mg, 1 .86 mmol) in THF (1 8 ml) under stirring at room temperature in a nitrogen gas stream. The reaction mixture was 
25 stirred overnight at room temperature. The residue obtained by concentrating the reaction mixture under reduced 
pressure was purified by chromatography on a silica gel column (silica gel: 1 00 g), whereby from hexane/ethyl acetate 
(2/1) eluate fractions, the title compound (830 mg, 93%) was obtained as a colorless oil. 

1 H-NMR (CDCI3) 8: 1.49 and 1.51 (each s, total 9H, amide isomers), 2.34 (m, 1H), 2.53 (d, J=14.2Hz, 1H), 3.72-3.85 
(m, 1H), 3.86 and 3.87 (each s, total 3H, amide isomers), 4.17 (m, 1H), 4.26-4.52 (m, 2H), 5.06 (br, 1H), 6.87 (d, 
30 J=8.8Hz, 1 H), 6.94 (d, J=8.8Hz, 2H), 7.04 (br, 2H), 7.33 (t, J=7.3Hz, 1 H), 7.42 (t, J=7.3Hz, 1 H), 7.64-8.02 (m, 5H). 

(Step 5) Synthesis of methyl 4-((2S,4S)-4-(2-naphthyloxy)-2-pyrrolidinyimethoxy)benzoate 

[0256] 

35 



40 




[0257] Trif luoroacetic acid (6 ml) was added to a solution of methyl 4-((2S,4S)-1 -tert-butoxycarbonyl-4-(2-naphthyl- 
45 oxy)-2-pyrrolidinylmethoxy)benzoate (870 mg, 1.74 mmol) in methylene chloride (24 ml). The resulting mixture was 
stirred overnight at room temperature. To the residue obtained by concentrating the reaction mixture under reduced 
pressure was added 1N NaOH under ice cooling to make the residue alkaline, followed by extraction with methylene 
chloride. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column (silica gel: 1 00 g), 
50 whereby from hexane/ethyl acetate (2/1 ) eluate fractions, the title compound (750 mg, 1 00%) was obtained as a black 
oil. 

1 H-NMR (CDCI3) 8: 1 .99 (dd, J=14.2,5.GHz, 1H), 2.48 (m, 1H), 3.22 (dd, J=1 2.2,4.6Hz, 1H), 3.43 (d, J=12.5Hz, 1H), 
3.67 (m, 1H), 3.86 and 3.87 (each s, total 3H, amide isomers), 4.11 (m, 2H), 5.04 (m, 1H), 6.83 (d, J=8.5Hz, 1H), 6.89 
(d, J=8.8Hz, 2H) , 7.07 (d, J=2.0Hz, 1 H), 7.12 (d, J=9.0Hz, 1 H), 7.33 (dt, J=8.1 ,1 .2Hz, 1 H), 7.44 (dt, J=6.8,1 .2Hz, 1 H), 
55 7.70 (d, J=8.1Hz, 1H), 7.75 (dd, J=9.0,5.1Hz, 2H), 7.90 (d, J=8.5Hz, 1H), 7.96 (dd, J=6.8,2.0Hz, 2H). 
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(Step 6) Synthesis of methyl 4-((2S,4S)-1-(2-(2-methylphenylanriino)-6-benzoxa2olylacetyl)-4-(2-naphthyloxy)- 
2-pyrrolidinylmethoxy)benzoate 

[0258] 

5 



10 




15 [0259] In DMF (1 0 ml), a mixture of 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (1 41 mg, 0.50 mmol), methyl 
4- . ((2S,4S)-4-(2-naphthyloxy)-2-pyrrolidinylmethoxy)benzoate (189 mg, 0.50 mmol), EDC-HCI (144mg, 0.75 mmol), 
HOBt (101 mg, 0.75 mmol) and triethylamine was stirred at room temperature for 16 hours. The reaction mixture was 
poured in ice water (30 ml), followed by extraction with ethyl acetate. The extract was washed with ice water and 
saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The 

20 residue was separated and purified by chromatography on a thin-layer silicagel column with (chloroform/acetone (5/1)), 
whereby the title compound (312 mg, 97%) was obtained as a colorless amorphous substance. 
1 H-NMR (CDCI 3 ) 8: 2.35 and 2.36 (each s, total 3H, amide isomers), 2.38 and 2.57 (m and d, J=14.5Hz, total 1 H, amide 
isomers), 3.74 (s, 2H), 3.86 (s, 3H), 3.88 and 3.94 (m and dd, J=12.7,5.2Hz, total 1H, amide isomers), 4.17-4.31 (m, 
2H), 4.56 (dd, J=9.3,3.7Hz, 1H), 4.65 (m, 1H), 5.12 (br, 1H), 6.83 and 6.86 (br and d, J=8.8Hz respectively, totaMH. 

25 amide isomers), 6.97 (d, J=8.8Hz, 1 H), 7.04-7.13 (m, 4H), 7.22 (d, J=7.3Hz, 1 H), 7.26-7.33 (m, 2H), 7.35 (d, J=8.0Hz, 
1H), 8.39 (t, J=8.1Hz 1H), 7.44 (t, J=6.9Hz, 1H), 7.67 (d, J=B.1Hz 1H), 7.74 (t, J=10.3Hz, 2H), 7.94 and 7.98 (each d, 
each J=8.6Hz, total 2H, amide isomers), 8.08 (d, J=8.6Hz, 1H). 
MS(ESI)m/z642(M++1). 

30 (Step 7) Synthesis of 4-((2S,4S)-1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-4-(2-naphthyloxy)- 
2-pyrro!idinylmethoxy)benzoic acid 

[0260] 

35 



40 




[0261] To a solution of methyl 4-((2S,4S)-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-4-(2-naphthyloxy)- 
45 2-pyrrolidinylmethoxy)benzoate (312 mg, 0.486 mmol) in THF (20 ml) was added 0.25N NaOH (20 ml). The resulting 
mixture was stirred at room temperature for 15 hours. The reaction mixture was then concentrated under reduced 
pressure. The residue was acidified with 1N HCI. The crystals thus precipitated were collected by filtration under re- 
duced pressure, washed with water and dried under reduced pressure, whereby the title compound (253 mg, 83%) 
was obtained as a pale pink solid. 
50 IR(ATR) 3060, 2941, 2879, 1682, 1639, 1603, 1576, 1510, 1439 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 2.30 (s, 3H), 2.31-2.44 (m, 1H), 3.78 (s, 2H), 3.86 and 3.89 (each s, total 1H, amide isomers), 
3.99-4.78 (m, 5H), 5.25 and 5.32 (each m, total 1H, amide isomers), 7.02-7.10 (m, 4H), 7.16 (dd, J=9.2,2.2Hz, 1H), 
7.24 (m, 1H), 7.25 (s, 1H), 7.27 (m, 1H), 7.33-7.38 (m, 3H), 7.46 (t, J=7.1Hz, 1H), 7.77-7.89 (m, 7H), 9.62 (br, 1H) . 
MS (ESI) m/z 470 (M + +1); 
55 Anal. Calcd for C 38 R33N 3 0 6 .1 .0H 2 O: C, 70.68; H, 5.46; N, 6.51 . 
Found: C, 70.51 ; H, 5.41 ; N, 6.27. 
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Example 12 



4-((2S,4S)-1-(2-(2-Methylphenylamm acid 
(Step 1) Synthesis of methyl (2S,4S)-1-tert-butoxycarbonyl-4-phenoxy-2-pyrrolidinylcarboxylate 



[0263] DIAD (4.13 ml, 21 .0 mmol) was added to a solution of methyl (2S,4S)-1 -tert-butoxycarbonyl-4-hydroxy-2-pyr- 
rolidinylcarboxylate (4.69 g, 19.1 mmol), phenol (1.98 g, 21.0 mmol) and triphenylphosphine (5.51 g, 21.0 mmol) in 
THF (80 ml) under stirring at room temperature in a nitrogen gas stream. The reaction mixture was stirred overnight 
at room temperature. The residue obtained by concentrating the reaction mixture under reduced pressure was purified 
by chromatography on a silica gel column (silica gel: 700 g), whereby from chloroform/ethyl acetate (10/1) eluate 
fractions, the title compound (5.31 mg, 86%) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 5: 1.43 and 1.48 (each br, total 9H, amide isomers), 2.48 (m, 1H), 3.75 (br, 3H), 4.42-4.96 (m, 2H), 
6.88-7.35 (m, 5H). 

(Step 2) Synthesis of (2S,4S)-1-tert-butoxycarbonyl-4-phenoxy-2-pyrrolidinylcarboxylic acid 



[0265] To a solution of methyl (2S, 4S)-1-tert-butoxycarbonyl-4-phenoxy-2-pyrrolidinylcarboxylate (5.31 g, 16.5 
mmol) in THF (132 ml) was added 0.25N NaOH (132 ml, 33.0 mmol). The reaction mixture was stirred overnight at 
room temperature. The residue obtained by concentrating the reaction mixture under reduced pressure was acidified 
with 1 N HCI, followed by extraction with chloroform. The extract was washed with saturated brine, dried over anhydrous 
sodium sulfate and distilled under reduced pressure to remove the solvent. The crude crystals thus obtained were 
recrystallized from hexane-chlo reform, whereby the title compound (2.96 g, 58%) was obtained as a white crystalline 
powder. 

1 H-NMR (DMSO-d 6 ) 5: 1.36 (s, 9H), 2.16 (d, J=1 3.2Hz, 1H), 2.56 (m, 1H), 3.46 (m, 1H), 3.71 (dt, J=1 2.0,5.4Hz, 1H), 
4.26 (dt, J=9 .5,7.1 Hz, 1H), 4.99 (m t 1H), 6.85 (m, 2H), 6.94 (t, J=7.3Hz, 1H), 7.28 (t, J=7.3Hz, 1H). 

(Step 3) Synthesis of (2S,4S)-1-tert-butoxycarbonyl-4-phenoxy-2-pyrrolidinylmethanol 



[0262] 




boc 



[0264] 




boc 



[0266] 




bOC 
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[0267] Borane-dimethyl sulfide (1 .55 ml, 1 5.5 mmol) was added to a solution of (25,45)-1 -tert-butoxycarbonyl-4-phe- 
noxy-2-pyrrolidinylcarboxylic acid (2.39 g, 7.76 mmol) In THF (50 ml) under stirring at 0°C. The reaction mixture was 
stirred at the same temperature for 1 0 minutes and then at 50°C for 2 hours. After cooling the reaction mixture to 0°C, 
water (30 ml) was added thereto, followed by extraction with ethyl acetate. The extract was washed with saturated 
brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column (silica gel: 60 g), whereby from chloroform/methanol (50/1) 
eluate fractions, the title compound (2.83 g, 1 00%) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 8: 1.47 (s, 9H), 1.95 (br, 1H), 2.36 (m, 1H), 3.56-3.74 (m, 3H), 3.89-4.52 (m, 3H), 4.85 (br, 1H), 6.84 
(dd, J=8.8,1.2Hz, 2H), 6.97 (t, J=7.2Hz, 1H), 7.29 (t, 2H, J=7.8Hz). 

(Step 4) Synthesis of methyl 4-((2S,4S)-1-tert-butoxycarbonyl-4-phenoxy-2-pyrrolidinylmethoxy)benzoate 



[0269] DIAD (0.64 ml, 3.25 mmol) was added dropwise while stirring a mixture of (2S,4S)-1-tert-butoxycarbonyl- 
4-phenoxy-2-pyrrolidinylmethanoI (1 .16 g, 3.25 mmol), methyl 4-hydoxybenzoate (494 mg, 3.25 mmol) and triphenyl- 
phosphine (852 mg, 3.25 mmol) in THF (30 ml) at room temperature in a nitrogen gas stream. After completion of the 
dropwise addition, the reaction mixture was stirred at room temperature for 20 minutes and at 80° C for 8 hours. After 
cooling, the reaction mixture was concentrated under reduced pressure. The residue was purified by chromatography 
on a silica gel column (silica gel: 200 g), whereby from chloroform/acetone (20/1) eluate fractions, the title compound 
(2.07 g, 100%) was obtained as a colorless oil. 

1 H-NMR (CDCI3) 6: 1.56 (s, 9H), 2.30 (m, 1H), 2.47 and 2.49 (each br, total 1H, amide isomers), 3.69-3.80 (m, 3H), 
3.88 (s, 3H), 4.08-4.49 (m, 2H), 4.94 (t, J=4.9Hz, 1H), 6.82 (d, J=8.1Hz, 2H), 6.96 (m, 3H), 7.27 (m, 2H), 7.96 (d, 
J=8.1Hz, 2H). 

(Step 5) Synthesis of methyl 4-((2S,4S)-4-phenoxy-2-pyrrolidinylmethoxy)benzoate 



[0271] Trifluoroacetic acid (20 ml) was added to a solution of methyl 4-((2S, 4S)-1-tert-butoxycarbonyl-4-phenoxy- 
2-pyrrolidinylmethoxy)benzoate (2.02 g, 3.25 mmol) in methylene chloride (100 ml). The resulting mixture was stirred 
at room temperature for 5 hours. The reaction mixture was then concentrated under reduced pressure. The residue 
was diluted with methylene chloride (50 ml), followed by washing with 1 N NaOH. The organic layer was fractionated, 
followed by washing with saturated brine, drying over anhydrous sodium sulfate and distillation under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column (silica gel: 70 g), whereby 
from chloroform/acetone (10/1) - chloroform/methanol (10/1) eluate fractions, the title compound (970 mg, 91%) was 
obtained as a brown oil. 

1 H-NMR (CDCI3) 5: 1.88 (dd, J=12.9,4.3Hz, 1H) f 2.39 (qq, J=6.8,6.8Hz, 1H), 2.83 (br, 1H), 3.19 (dd, J=12.0,5.1 Hz, 
1H), 3.33 (d, J=12.0Hz, 1H), 3.64 (m, 1H), 3.87 (s, 3H), 4.07 (m, 2H), 4.88 (m, 1H), 6.86 (d, J=8.5Hz, 2H), 6.90 (d, 
J=7.1Hz, 2H), 6.94 (d, J=7.3Hz, 1H), 7.26 (d, J=7.3Hz, 2H), 7.96 (d, J=9.0Hz, 2H). 



[0268] 




[0270] 
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(Step 6) Synthesis of methyl 4-((2S,4S)-1-(2-(2-methylphenylamino)-6-ben20xazolylacetyl)*4-phenoxy- 
2-pyrrolidinylmethoxy)benzoate 

[0272] 



10 




is [0273] In DMF(10ml), a mixture of 2-(2-methylphenylamino)-6-benzoxazolylaceticacid (351 mg, 1.07mmol), methyl 
4-((2S, 4S)-4-phenoxy-2-pyrrolidinylmethoxy)benzoate (303 mg, 1.07 mmol), EDC-HCI (308 mg, 1.61 mmol), HOBt 
(21 8 mg, 1 .61 mmol) and triethylamine (0.74 ml, 5.35 mmol) was stirred at room temperature for 21 hours. The reaction 
mixture was poured in ice water (30 ml), followed by extraction with ethyl acetate. The extract was washed with ice 
water and saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the 

20 solvent. The residue was purified by chromatography on a silica gel column (silica gel: 40 g), whereby from chloroform/ 
acetone (10/1) eluate fractions, the title compound (640 mg, 100%) was obtained as a yellow oil. 
1 H-NMR (CDCI 3 ) 6: 2.17-2.52 (m, 5H), 3.68-3.80 (m, 3H), 3.86 (s, 3H), 3.88 (m, 1H), 4.12-4.29 (m, 1H), 4.53 (dd, 
J=1 3.0,3.9Hz, 1 H), 4.62 (m, 1 H), 4.97 (m, 1 H), 6.80 (d, J=7.8Hz, 2H), 6.86 (d, J=9.1 Hz, 1 H), 6.95-6.99 (m, 2H), 7,07 
(t, J=8.1Hz, 2H), 7.21-7.33 (m, 5H), 7.39 (d, J=8.1Hz, 1H), 7.94-7.99 (m, 2H), 8.01 (s, 1H), 8.08 (d, J=8.3Hz, 1H) . 

25 MS(ESI)m/z592(M + +1). 

(Step 7) Synthesis of 4-((2S, 4S)-1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-4-phenoxy- 
2-pyrrolidinylmethoxy)benzoic acid 

30 [0274] 



35 




40 [0275] To a solution of methyl 4-((2S,4S)-1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-4-phenoxy-2-pyrrolidi- 
nylmethoxy)benzoate (640 mg, 1 .07 mmol) in THF (30 ml) was added 0.25N NaOH (30 ml). The resulting mixture was 
stirred at room temperature for 14 hours. The reaction mixture was then concentrated under reduced pressure. After 
addition of 1N HCI to the residue, the crystals thus precipitated were collected by filtration under reduced pressure, 
washed with water and dried under reduced pressure, whereby the title compound (366 mg, 60%) was obtained as a 

45 pale pink solid. 

IR (ATR) 3060, 2985, 2941, 1687, 1639, 1603, 1576, 1489, 1439 cm* 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 2.17-2.25 (m, 2H), 2.30 (s, 3H), 3.39-4.27 (m, 7H), 5.09-5.20 (m, 1H), 6.93 (d, J=7.8Hz, 2H), 
7.01-7.10 (m, 5H), 7.25-7.33 (m, 7H), 7.80-7.89 (m, 3H), 9.64 (br, 1H). 
MS (ESI) m/z 470 (M++1); 
so Anal. Calcd for C34H 31 N 3 CV1 .0H 2 O: C, 68.56; H, 5.58; N, 7.05. 
Found: C, 68.77; H, 5.61 ; N, 7.00. 
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Example 13 



4-((2S,4S)-4-Fluoro-1- (2-(2-methylphenylamino)-5-benzoxazolylacetyl)-2-pyrrolidinylmethoxy)benzoic acid 
(Step 1) Synthesis of methyl 4-hydroxy-3-nitrophenylacetate 



[0277] In methanol/toluene (1 :10, 55 ml) was dissolved 4-hydroxy-3-nitrophenylacetic acid (2.0 g, 10.1 mmol). Tri- 
methylsilyldiazomethane (2.0M hexane solution, 5.0 ml) was added dropwise to the resulting solution. After stirring at 
room temperature for 50 minutes, the reaction mixture was distilled under reduced pressure to remove the solvent. 
The residue was diluted with ethyl acetate. The ethyl acetate extract was then washed with a saturated aqueous solution 
of sodium bicarbonate and saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure 
to remove the solvent, whereby the title compound (2.1 5 g, 1 00%) was obtained as a yellow solid (this compound was 
provided for the subsequent reaction without further purification). 

1 H-NMR (CDCI 3 ) 5: 3.63 (s, 2H), 3.72 (s, 3H) , 7.13 (d, J=8.5Hz, 1H), 7.52 (dd, J=8.8,2.2Hz, 1H), 10.53 (s, 1H). 
(Step 2) Synthesis of methyl 3-amino-4-hydroxyphenylacetate 



[0279] Methyl 4-hydroxy-3-nitrophenylacetate (2.15 g, 10.1 mmol) and 5% palladium/carbon (2.15 g) were suspend- 
ed in methanol (100 ml). The resulting suspension was subjected to catalytic hydrogenation for 20 hours under stirring 
at room temperature and normal pressure. The catalyst was then filtered off from the reaction mixture. The filtrate was 
distilled under reduced pressure to remove the solvent, whereby the title compound (1 .72 g, 93%) was obtained as a 
brown solid (this compound was provided for the subsequent reaction without further purification). 

(Step 3) Synthesis of methyl 2-(2-methylphenylamino)-5-benzoxazolylacetate 



[0281] Methyl 3-amino-4-hydroxyphenylacetate (1 .72 g, 9.49 mmol) was dissolved in methanol (1 00 ml). Under stir- 
ring at room temperature, o-tolyl thioisocyanate (1 .91 ml, 14.3 mmol) was added, followed by stirring at room temper- 
ature for 24 hours. Mercuric oxide (yellow) (3.49 g, 1 6.1 mmol) was added to the reaction mixture. The reaction mixture 
was then stirred at room temperature for 2.5 hours. After cooling to room temperature, the reaction mixture was distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column 
(silica gel: 100 g), whereby from hexane/ethyl acetate (2/1) eluate fractions, the title compound (2.33 g, 83% (2 steps)) 
was obtained as a yellow oil. 

1 H-NMR (CDCI3) 8: 2.35(s, 3H), 3.686(s, 2H), 3.692(s, 3H), 6.93(br, 1H), 7.02(dd, J=8.3,1 .7Hz, 1H), 7.07(t, J=7.3Hz, 



[0276] 




[0278] 




[0280] 
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1H), 7.22(6, J=7.6Hz, 1H), 7.25(d, J=3.2Hz, 1H), 7.30(dt, J=8.6,0.5Hz, 1H), 7.38(d, J=1.5Hz, 1H), 8.05(d, J=8.1Hz, 
1H). 

(Step 4) Synthesis of 2-(2-methylphenylamino)-5-benzoxazolylacetic acid 



[0283] Methyl 2-(2-methylphenylamino)-5-benzoxazolylacetate (2.32 g, 7.86 mmol) was dissolved in THF (40 ml). 
After addition of 0.25N NaOH (40 ml) under stirring at room temperature, the mixture was stirred for 15 hours. The 
residue, which had been obtained by distilling the reaction mixture under reduced pressure to remove the solvent, was 
acidified with 1N HCI. The crystals thus obtained were collected by filtration under reduced pressure, washed with 
water, dried under reduced pressure, whereby the title compound (894 mg) was obtained as a pale black crystalline 
powder. The water layer was extracted with a chloroform/methanol (10/1) mixture. The extract was washed with sat- 
urated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent, whereby 
the title compound (1 .03 g) was obtained as a colorless solid (total yield: 88%). 

1 H-NMR (CDCI 3 ) 6: 2.29 (s, 3H), 3.50 (s, 2H), 6.96 (dd, J=8.1 ,1 .7Hz, 1 H), 7.09 (t, J=7.6Hz, 1 H), 7.23 (m, 3H), 7.36 (d, 
J=8.1Hz, 1H), 9.46 (br, 1H), 12.28 (br, 1H). 

(Step 5) Synthesis of methyl 4-((2S,4S)-4-fluoro-1-(2-(2-methylphenylamino)-5-benzoxazolylacetyl)- 
2-pyrrolidinylmethoxy)benzoate 



[0285] In DMF (5 ml), 2-(2-methylphenylamino)-5-benzoxazolylacetic acid (282 mg, 1 .0 mmol), methyl 4-((2S,4S)- 
4-fluoro-1-2-pyrrolidinylmethoxy)benzoate (253 mg, 1.0 mmol), EDC-HCI (288 mg, 1.5 mmol), HOBT (203 mg, 1.5 
mmol) and triethylamine (0.70 ml, 5.0 mmol) were stirred at room temperature for 1 8 hours. The reaction mixture was 
poured in water, followed by extraction with ethyl acetate. The extract was washed with ice water and saturated brine, 
dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column (silica gel: 50 g), whereby from chloroform/acetone (10/1) eluate 
fractions, the title compound (405 mg, 78%) was obtained as a pale brown amorphous substance. 
1 H-NMR (CDCI3) 5: 2.03-2.26 (m, 1H), 2.49 (s, 3H), 2.53 (dd, J=19.5,15.1HZ, 1H) , 3.63-3.82 (m, 3H), 3.87 (s, 3H), 
3.92 (d, J=9.5Hz, 1 H), 4.02-4.15 (m, 1 H), 4.50-4.64 (m, 2H), 5.29 (d, J=52.7Hz, 1 H), 6.86 and 7.03 (each d, J=8.8 and 
8.3Hz respectively, total 1H, amide isomers), 7.99 (d, J=8.8Hz, 2H), 7.08 (t, J=7.6Hz, 1H), 7.21-7.34 (m, 5H), 7.96 (d, 
J=9.0Hz, 2H), 8.01 (t, J=8.1Hz, 1H). 
MS(ESI)m/z518(M + +1). 



[0282] 




[0284] 



F 
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(Step 6) Synthesis of 4-((2S,4S)-4-fluoro-1-(2-(2-methylphenylamino)-5-benzo 
benzoic acid 

[0286] 



_ F 

[0287] Methyl 4-((2S, 4S)-4-f luoro-1 -(2-(2-methylphenylamino)-5-benzoxazolylacetyl)-2-pyrrolidinylnnethoxy)ben- 
15 zoate (405 mg, 0.783 mmol) was dissolved in THF (20 ml). To the resulting solution was added 0.25N NaOH (20 ml), 

followed by stirring at room temperature for 18 hours. The reaction mixture was distilled under reduced pressure to 

remove the solvent. The residue was acidified with 1 N HCI. The crystals thus obtained were collected by filtration under 

reduced pressure, washed with water and dried under reduced pressure, whereby the title compound (200 mg, 81%) 

was obtained as a colorless crystalline powder. 
20 |R (KBr) 3423, 3251 , 2973, 2941 , 1685, 1 643, 1579 cm' 1 ; 

1 H-NNR (DMSO-d 6 ) 5: 2.18-2.24 (m, 2H), 2.30 (s, 3H), 3.58-4.72 (m, 7H), 5.38 and 5.44 (each m, total 1H, amide 

isomers), 6.98 (d, J=8.3Hz, 1H), 7.02-7.13 (m, 4H), 7.19-7.28 (m, 3H), 7.37 (m, 1H), 7.78 (d, J=8.8Hz, 2H), 7.87 (d, 

J=8.8Hz, 2H), 9.72 (br t 1H). 

MS (ESI) m/z 470 (M++1); 
25 Anal. Calcd for C 28 H 26 FN 3 0 5 .1 .1 H 2 0: C, 64.26; H, 5.43; F, 3.63; N, 8.03. 

Found: C, 64.07; H, 5.34; F, 3.66; N, 8.01 . 

Example 14 

30 4-((2S ( 4S)-1-(4-(2-Benzoxazolylamino)phenylacetyl)-4-fluoro-2-pyrrolidinylmethoxy)benzoic acid: 
(Step 1 ) Synthesis of ethyl 4-(2-benzoxazolylamino)phenylacetate 
[0288] 



40 




[0289] In xylene (10 ml_), 2-chlorobenzoxazole (1.00 g, 6.51 mmol) and ethyl 4-aminophenylacetate (1.67 g, 6.51 
mmol) were heated and refluxed for 10 hours. After cooling, water was added to the reaction mixture, followed by 
45 extraction with ethyl acetate. The extract was washed with saturated brine, dried over magnesium sulfate and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from hexane-ethyl acetate (3:1, v/v) eluate fractions, ethyl 4-(2-benzoxazolylamino)phenylacetate (2.08 g, 
99%) was obtained as a yellow solid. 

1 H-NMR (CDCI 3 ) 8: 1.26 (t, J=7.1Hz, 3H), 3.61 (2H, s), 4.16 (q, J=7.1Hz, 2H), 7.13 (td, J=7.8, 1.2Hz, 1H), 7.24 (td, 
so J=7.8,1.2Hz, 1H), 7.31 (d, J=8.5Hz, 2H), 7.34 (dd, J=7.8,1.2Hz, 1H), 7.49 (dd, J=7.8,1.2Hz, 1H), 7.57 (d, J=8.5Hz, 
2H), 7.67 (1H, broad s). 
MS(ESI)m/z297(M++1). 
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(Step 2) Synthesis of 4-(2-benzoxazolylamino)phenylacetic acid 
[0290] 




COjH 



[0291] In THF (70 mL) was dissolved ethyl 4-(2-benzoxazolylamino)phenylacetate (2.08 g, 7.02 mmol), followed by 
the addition of 0.25N NaOH (42.0 mL, 1 0.5 mmol) at room temperature. After stirring for 24 hours, the reaction mixture 
was poured in 1N HCI (50 ml) at 0°C. The crystals thus precipitated were collected by filtration, whereby 4-(2-benzox- 
azolylamino)phenylacetic acid (1.85 g, 98%) was obtained as a solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.53 (2H, s), 7.12 (t, 1H, J=7.8Hz, 1H), 7.21 (t, J=7.8Hz, 1H), 7.25 (d, J=8.5Hz, 2H), 7.44 (d, 
J=7.8Hz, 1H), 7.47 (d, J=7.8Hz, 1H), 7.68 (d, J=8.5Hz, 2H), 10.56 (1H/s), 12.27 (1H, broad s). 
MS (ESI) m/z 269 (M + +1). 

(Step 3) Synthesis of methyl 4-((2S,4S)-1-(4-(2-benzoxazolylamino)phenylacetyl)-4-fluoro-2-pyrrolidinylmethoxy) 
benzoate 



[0293] In DMF (8.8 mL) were dissolved 4-(2-benzoxazolylamino)phenylacetic acid (235 mg, 0.88 mmol), methyl 
4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)benzoate (222 mg, 0.88 mmol), HOBt (24.0 mg, 0.18 mmol) and triethylamine 
(0.18 mL, 1.31 mmol). EDC-HCI (252 mg, 1.31 mmol) was then added to the resulting solution. After the resulting 
mixture was stirred for 3 hours, water (30 ml) was added thereto, followed by extraction with ethyl acetate. The extract 
was washed with saturated brine, dried over magnesium sulfate and distilled under reduced pressure to remove the 
solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1 :2, 
v/v) eluate fractions, methyl 4-((2S, 4S)-1 -(4-(2-benzoxazolylamino)phenylacetyl)-4-fluoro-2-pyrrolidinylmethoxy)ben- 
zoate (440 mg, 99%) was obtained as a pale yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 5: 2.1 4 (1 H, m) , 2.56 (1 H, m), 3.63 (d, J=15.1 Hz, 1 H), 3.80 (d, J=15.1 Hz, 1 H), 3.87 (3H, s), 3.76-4.07 
(3H, m), 4.55 (1H, m), 4.64 (1H, m), 5.31 (1H, m), 6.99 (d, J=8.8Hz, 2H), 7.12 (t, J=7.6Hz, 1H), 7.23 (t, J=7.6Hz, 1H), 
7.27 (d, J=8.6Hz, 2H), 7.33 (d, J=7.6Hz, 1H), 7.48 (d, J=7.6Hz, 1H) , 7.58 (d, J=8.6Hz, 2H) , 7.96 (d, J=8.8Hz, 2H). 
MS(ESI)nVz504(M + +1). 

(Step 4) Synthesis of 4-((2S,4S)-1-(4-(2-benzoxazolylamino)pheny!acetyl)-4-fluoro-2-pyrrolidinylmethoxy)benzoic 
acid 



[0292] 



F 




[0294] 
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[0295] In THF (10 mL) was dissolved methyl 4-((2S,4S)-1 -(4-(2-benzoxazolylamino)phenylacetyl)-4-fluoro-2-pyrro- 
lidinylmethoxy)benzoate (440 mg, 0.87 mmol). At room temperature, 0.25N NaOH (5.24 ml, 1 .31 mmol) was added to 
the resulting solution. After stirring at room temperature for 24 hours, the reaction mixture was poured in 1 N HCI (30 
ml) at 0°C and the crystals thus obtained were collected by filtration. The crystals were dissolved in chloroform. The 
5 resulting solution was washed with saturated brine and then distilled under reduced pressure to remove the solvent. 
The crude crystals thus obtained were recrystallized from chloroform-hexane, whereby the title compound (388 mg, 
91%) was obtained as a colorless amorphous substance. 

IR (KBr) 3417, 3278, 3058, 2958, 1681, 1644, 1604, 1573, 1513, 1459, 1432 cm* 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 2.24-2.31 (2H, m), 3.63 (d, J=1 5.6Hz, 1 H), 3.68 (d, J=1 5.6Hz, 1 H), 3.77-3.92 (3H, m), 4.38-4.43 
10 (2H, m), 5.44 (1H, m), 7.08 (d, J=8.5Hz, 2H), 7.12(t, J=8.1Hz, 1H), 7.22 (t, J=8.1Hz, 1H), 7.25 (d, J=8.5Hz, 2H), 7.44 
(d, J=8.1 Hz, 1 H), 7.48 (d, J=8.1 Hz 1 H), 7.70 (d, J=8.5Hz, 2H), 7.88 (d, J=8.5Hz, 2H), 1 0.57 (1 H, broad s), 1 2.63 (1 H, 
s; broad s). 

MS (ESI) m/z 504 (M + +1); 

Anal. Calcd for C 2 7H24FN 3 0 5 .H 2 0: C, 63.90; H, 5.16; N, 8.28. Found C, 63.96; H, 5.48; N, 7.86. 

15 

Example 15 

4-(1-(3-Chloro-4-(3-indolylcarbonylamino)phenylacetyl)-(4S)-fiuoro-(2S)-pyrrolidinylmethoxy)benzoic acid 
20 (step 1 ) Synthesis of ethyl 3-chloro-4-(3-indolylcarbonylamino)phenylacetate 
[0296] 




[0297] EDC-HCI (1 .78 g, 9.28 mmol) was added to a solution of indole-3-carboxylic acid (1 .00 g, 6.21 mmol), ethyl 
4-am i n o-3 -chloropheny I acetate (1.33 g, 6.22 mmol) and triethylamine (1.80 mL, 12.9 mmol). The mixture was stirred 
at 70°C for 24 hours. After cooling to room temperature, the reaction mixture was added with water (30 ml), followed 
35 by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from hexane-ethyl acetate (1:1, v/v) eluate fractions, ethyl 3-chloro-4-(3-indolylcarbonyiamino) 
phenylacetate (1 .25 g, 56%) was obtained as a pale yellow solid. 

1 H-NMR (CDCI 3 ) 8: 1 .27 (t, J=7.1Hz, 3H), 3.59 (s, 2H), 4.17 (q, J=7.1Hz, 2H), 7.23 (m, 1H), 7.30-7.34 (m, 2H), 7.37 
40 (d, J=2.0Hz, 1H), 7.47 (m, 1H), 7.91 (d, J=2.9Hz, 1H), 8.16 (m, 1H), 8.32 (broad s, 1H), 8.58 (d, J=8.5Hz, 1H), 8.82 
(broads, 1H). 

(Step 2) Synthesis of 3-chloro-4-(3-indolylcarbonylamino)phenylacetic acid 
45 . [0298] 




55 [0299] To a solution of ethyl 3-chloro-4-(3-indolylcarbonylamino) phenylacetate (1 .25 g, 3.50 mmol) in THF (35 mL) 
was added 0.25N NaOH (21 mL, 5.23 mmol) under stirring. The reaction mixture was then stirred at room temperature 
for 24 hours. The reaction mixture was poured in 1N HCI (30 ml) under stirring at 0°C. The crystals thus precipitated 
were collected by filtration, whereby 3-chloro-4-(N-(3-indolylcarbonyl)amino)phenylacetic acid (1 .05 g, 91%) was ob- 
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tained as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.61 (s, 2H), 7.12-7.20 (m, 2H), 7.24 (d, J=8.3Hz t 1 H), 7.44 (s, 1 H), 7.47 (d, J=7.3Hz, 1 H), 7.67 
(d, J=8.3Hz, 1H), 8.14 (d, J=7.3Hz, 1H), 8.29 (s, 1H), 9.32 (s, 1H), 11.75 (broads, 1H). 

s (Step 3) Synthesis of methyl 4-(1 -(3-chloro-4-(3-indolylcanbonylarnino)phenylacetyl)-(4S)-fluoro-(2S)' 
pyrrolidinylmethoxy)benzoate 

[0300] 

10 



F 



15 




20 [0301] EDC-HCI (0.92 g, 4.79 mmol) was added to a solution of 3-chloro-4-(3-indolylcarbonylamino)phenyIacetic 
acid (1.05 g, 3.19 mmol), methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)benzoate (0.81 g, 3.19 mmol), HOBt (86.3 
mg, 0.64 mmol) and triethylamine (0.68 mL, 4.79 mmol) in DMF (30 mL). The mixture was then stirred at 60°C for 10 
hours. After cooling to room temperature, the reaction mixture was poured in water (30 ml), followed by extraction with 
ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under 

25 reduced pressure to remove the solvent. The crystals thus precipitated were collected by filtration, washed with water 
and dried under reduced pressure, whereby methyl 4-(1-(3-chloro-4-(3-indolylcarbonylamino)phenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)benzoate (0.73 g, 40%) was obtained as a brown solid. 

1 H-NMR (DMSO-d 6 ) 8: 2.22-2.36 (m, 2H), 3.70 (d, J=16.1Hz, 1H), 3.76 (d, J=16.1Hz, 1H), 3.80 (s, 3H) , 3.82-3.97 (m, 
3H), 4.39-4.44 (m, 2H), 5.47 (m, 1 H), 7.1 0 (d, J=8.8Hz, 2H), 7.1 4-7.25 (m, 2H), 7.42 (d, J=1 .5Hz, 1 H), 7.47 (d, J=7.8Hz, 
30 1 H), 7.66 (d, J=8.1 Hz, 1 H), 7.90 (d, J=8.8Hz, 2H), 8.1 4 (d, J=7.8Hz ( 1 H), 8.29 (s, 1 H) , 9.33 (s, 1 H), 1 1 .76 (broad s, 1 H). 

(Step 4) Synthesis of 4-(1-(3-chloro-4-(3-indolylcarbonylamino)phenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
benzoic acid 

35 [0302] 



F 



40 




45 

[0303] To a solution of methyl 4-(1-(3-chloro-4-(3-indolylcarbonylamino)phenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
methoxyjbenzoate (725 mg, 1.32 mmol) in THF-methanol (60 mL, 5:1, v/v) was added 0.25N NaOH (15.0 ml, 3.75 
mmol). The resulting mixture was stirred at room temperature for 18 hours. The reaction mixture was poured in 1N 
so HCI (20 ml) at 0°C. The crystals thus precipitated were collected by filtration, washed with water and dried under 
reduced pressure, whereby 4-(1 -(3-chloro-4-(N-(3-indolylcarbonylamino)phenylacetyl)-4-fluoro-2-pyrrolidinylmethoxy) 
benzoic acid (399 mg, 55%) was obtained as a colorless solid. 
IR (KBr) 3220, 2975, 1637, 1604, 1513, 14245, 1403 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 2.27-2.33 (m, 2H), 3.60 (d, J=15.9Hz. 1 H), 3.76 (d, J=15.9Hz, 1 H), 3.81 -4.05 (m, 3H), 4.40-4.49 
55 (m, 2H), 5.47 (m, 1H), 7.06 (d, J=8.6Hz, 2H), 7.15-7.21 (m, 2H), 7.24 (d, J=8.2Hz, 1H), 7.43 (s, 1H) , 7.48 (d, J=7.8Hz, 
1 H), 7.68 (d, J=8.2Hz, 1 H), 7.90 (d, J=8.6Hz, 2H), 8.14 (d, J=7.8Hz, 1 H), 8.30 (s, 1 H), 9.35 (s, 1 H), 11 .81 (broad s, 1 H). 
FAB-MS m/z 550 (M + +1); 

Anal. Calcd for C^HasCIF^Og^SHgO: C f 57.24; H, 5.22; N, 6.91 . 
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Found: C, 57.29; H, 5.55; N, 6.50. 
Example 16 

s 4-((4S)-Fluoro-1-(4-methoxy-2-(2-methyIphenylanriino)-6-benzoxazolyl) oxyacetyl- (2S) -pyrrolidinylmethoxy)benzoic 
acid: 

(Step 1) Synthesis of 5-fluoro-3-methoxy-2-nitrophenol 
10 [0304] 



F 



15 




N0 2 

20 [0305] In 10N NaOH (13.1 ml, 131 mmot) and DMSO (25 ml), 3,5-difluoro-2-nitroaniso!e (8.29 g, 43.8 mmol) was 
stirred at 50°C for 5 hours. After cooling, the reaction mixture was poured in 1 N HCI (200 ml), followed by extraction 
with ethyl acetate (300 ml). The extract was washed with saturated brine (2 x 100 ml), dried over anhydrous magnesium 
sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a 
silica gel column, whereby from hexane-ethyl acetate (4:1) eluate fractions, the title compound (4.14 g, 51%) was 

25 obtained as a yellow oil. 

1 H-NMR (CDCI 3 ) 5: 3.94 (s, 3H), 6.28 (dd, J=10.5,2.7Hz, 1H), 6.41 (dd, J=9.8,2.7Hz, 1H), 10.92 (s, 1H). 

(Step 2) Synthesis of benzyl 5-fluoro-3-methoxy-2-nitrophenyl ether 

30 [0306] 



F 



35 




40 [0307] In DMF (20 ml), 5-fluoro-3-methoxy-2-nitrophenol (4.14 g, 22.1 mmol), benzyl bromide (3.2 ml, 26.5 mmol) 
and potassium carbonate (4.58 g, 33.2 mmol) were stirred at 70°C for 5 hours. The reaction mixture was poured in 
water (200 ml), followed by extraction with ethyl acetate (300 ml). The extract was washed with saturated brine (200 
ml), dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (4:1 ) eluate fractions, the 

45 title compound (6.13 g, 100%) was obtained as a yellow oil. 

1 H-NMR (CDCI3) 8: 3.86 (s, 3H), 5.13 (s, 2H), 6.35 (dd, J=10.3,2.2Hz, 1 H), 6.38 (dd, J=1 0.3,2.2Hz, 1 H), 7.33-7.38 (m, 
5H). 
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(Step 3) Synthesis of 3-benzyloxy-5-methoxy-4-nitrophenol 
[0308] 



5 



10 




[0309] In 10N NaOH (5.8 ml, 58.0 mmol) and DMSO (20 ml), benzyl 5-fluoro-3-methoxy-2-nitrophenyl ether (5.35 
g, 19.3 mmol) was stirred for 15 hours. The reaction mixture was poured in 1N HCI (100 ml), followed by extraction 
15 with ether (300 ml). The extract was washed with saturated brine (2 x 100 ml), dried over anhydrous magnesium 
sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a 
silica gel column, whereby from chloroform -ethyl acetate (4:1 ) eluate fractions, the title compound (1 .43 g, 27%) was 
obtained as a brown oil. 

1 H-NMR (CDCI 3 ) 6: 3.81 (s, 3H), 5.08 (s, 2H), 6.10 (dd, J=1 0.8,2.2Hz, 2H). 6.37 (s, 1H), 7.34 (m, 5H). 

20 

(Step 4) Synthesis of methyl 3-benzyloxy-5-methoxy-4-nitrophenoxyacetate 
[0310] 

25 



30 




[0311 ] In DMF (1 0 ml), 3-benzyloxy-5-methoxy-4-nitrophenol (1 .43 g, 5.20 mmol), potassium carbonate (1 .08 g, 7.79 
mmol) and methyl bromoacetate (591 uJ, 6.24 mmol) were stirred at room temperature for 2 days. The reaction mixture 
was poured in water (200 ml), followed by extraction with ether (200 ml). The extract was washed with saturated brine 
35 (200 ml), dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from chloroform-ethyl acetate (20:1) eluate 
fractions, the title compound (1 .53 g, 85%) was obtained as a yellow crystalline solid. 
1 H-NMR (CDCI3) 5: 3.79 (s, 3H) , 3.84 (s, 3H), 4.59 (s, 2H) , 5.12 (s, 2H), 6.15 (s, 2H), 7.35 (m, 5H). 

40 (Step 5) Synthesis of 3-benzyloxy-5-methoxy-4-nitrophenoxyacetic acid 

[0312] 




50 

[0313] In ethanol (50 ml) was dissolved methyl 3-benzyloxy-5-methoxy-4-nitrophenoxyacetate (1 .53 g, 4.41 mmol), 
followed by the addition of 5% palladium/carbon (1 g). At room temperature and normal pressure, the mixture was 
subjected to catalytic hydrogenation for 15 hours. The reaction mixture was filtered through Celite under reduced 
pressure to remove the insoluble matter. The filtrate was stirred at room temperature. To the filtrate was added 2-tolyl 
55 isothiocyanate (711 uJ, 5.29 mmol). After stirring at room temperature for 15 hours, mercuric oxide (yellow) (1 .62 g, 
7.50 mmol) was added and the mixture was heated and refluxed for 4 hours. After cooling to room temperature, the 
reaction mixture was filtered through Celite under reduced pressure to remove the insoluble matter. The filtrate was 
then distilled under reduced pressure to remove the solvent. The resulting oily residue was dissolved in THF (35 ml). 
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To the solution was added 0.25N NaOH (35 ml, 8.75 mmol) and the mixture was stirred at room temperature for 15 
hours. The reaction mixture was poured in 1N HCi (100 ml), followed by extraction with a chloroform-methanol (4:1 , 2 
x 200 ml) mixture. The extract was dried over anhydrous magnesium sulfate and then distilled under reduced pressure 
to remove the solvent. Chlorof orm-hexane was added to the residue to crystallize the same, whereby the title compound 
5 (487 mg, 34%) was obtained as a pale yellow amorphous substance. 

1 H-NMR (DMSO-d 6 ) 5: 2.29 (s, 3H), 3.89 (s, 3H), 4.70 (s, 2H), 6.48 (d, J=7.3Hz, 1H), 6.78 (d, J=2.0Hz, 1H), 7.06 (t, 
J=7.3Hz, 1H), 7.22-7.24 (m, 2H), 7.85 (d, J=8.3Hz, 1H). 

(Step 6) Synthesis of methyl 4-((4S)-fluoro-1-(4-methoxy-2-(2-methylphenylamino)-6-benzoxa20lyl)oxyacetyl-(2S)- 
10 pyrrolidinylmethoxy)benzoate 

[0314] 



15 



20 




[0315] In DMF (4 ml) was dissolved (4-methoxy-2-(2-methylphenylamino)-6-benzoxazolyl)oxyacetic acid (160 mg, 
0.49 mmol) and methyl 4-((4S)-f luoro-(2S)-pyrrolidinylmethoxy)benzoate (1 25 mg, 0.49 mmol). EDC-HCI (1 44 mg, 0.75 
mmol), HOBt and DMAP were added to the resulting solution. The mixture was stirred overnight at room temperature. 

25 The reaction mixture was then diluted with ethyl acetate. The diluted mixture was washed with saturated brine, dried 
over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column and chloroform/methanol (20:1 , v/v) eluate fractions were collected. 
They were purified further by thin-layer silica gel column chromatography (TLC) with chloroform-methanol (20:1 , v/v), 
whereby methyl 4-((4S)-fluoro-1-(4-methoxy-2-(2-methylphenylamino)-6-benzoxazolyl)oxyacetyl(2S)-pyrrolidinyl- 

30 methoxy)benzoate (228 mg, 83%) was obtained as a pale brown solid. 
IR (KBr) 2950, 1714, 1645, 1591 cm' 1 ; 

1 H-NMR (CDCI 3 ) 6: 2.06 (m, 2H), 2.23 (s, 3H), 2.42 (dd, J=15.1 ,1 9.6Hz, 1 H), 3.74 (s, 3H), 3.80 (s, 3H) , 3.86 (m, 1 H), 
3.94 (m, 1 H), 4.39 (dd, J=4.0,9.2Hz, 1 H), 4.51 (br, 1 H), 4.55 (m, 1 H), 5.1 3-5.30 (series of m, total 1 H), 6.37 (d, J=2.4Hz, 
1H), 6.47 (d, J=2.4Hz", 1H), 6.86 (d, J=8.8Hz, 2H), 6.94 (m, 1H), 7.08 (m, 2H), 7.15 (m, 1H), 7.35 (br, 1H), 7.87 (t, 
35 J=8.8Hz, 2H), 7.94 (d, J=8.0Hz, 1H). 
MS (ESI) m/z 564 (M+H) + ; 

Anal. Calced for CacH^^O^O: C, 61 .96; H, 5.55; N, 7.22. 
Found: C, 61.77; H, 5.55; N, 6.97. 

40 (Step 7) Synthesis of 4-((4S)-fluoro-1 -(4-methoxy-2-(2-methylphenylamino)-6-benzoxazolyl)oxyacetyl-(2S)- 
pyrrolidinylmethoxy)benzoic acid 

[0316] 

45 



50 




[0317] Methyl 4-((4S)-fluoro-1-(4-methoxy-2-(2-methylphenylamino)-6-benzoxazolyl)oxyacetyl-(2S)-pyrrolidinyl- 
methoxy)benzoate (225 mg, 0.40 mmol) was dissolved in THF 4 ml) and methanol (1 ml), followed by the addition of 
55 0.25N NaOH (two equivalents). The resulting mixture was stirred overnight at room temperature. The reaction mixture 
was diluted with chloroform-methanol (5:1 , v/v). The diluted mixture was washed with 1 N HCI, dried over anhydrous 
magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by chroma- 
tography on a silica gel column. Chloroform-methanol (20:1 , v/v) eluate fractions were collected and they were purified 
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further by a thin-layer silica gel column chromatography (TLC) with chloroform-methanol (20:1 , v/v), whereby 4-((4S)- 

fluoro-1 -(4-methoxy-2-(2-methylphenylamino)-6-benzoxazolyl)oxyacetyl-(2S)-pyrrolidinylmethoxy)benzoic acid (1 61 

mg, 73%) was obtained as white powder. 

IR (KBr) 2951 , 1645, 1593 cm- 1 ; 
5 1 H-NMR (DMSO-d 6 ) 8: 2.29 (s, 3H) t 2.31 (m, 2H), 2.40 (m, 1H), 3.57 (dd, J=13.6,31.9Hz, 1H), 3.84 (m, 2H), 3.89 (s, 

3H), 4.06-4.25 (series of m, total 1H), 4.48 (m, 1H), 5.49 (series of d, J=52.7Hz, total 1H), 6.49 (series of d, J=2.4Hz, 

total 1H), 6.79 (series of d, J=2.4Hz, total 1H), 7.01 (m, 1H), 7.04 (d, J=8.8Hz, 2H), 7.22 (d, J=7.6Hz, 2H), 7.82 (d, 

J=8.8Hz, 1H), 7.87 (d, J=8.8Hz, 2H), 9.41 (br, 1H) . 

MS (ESI) m/z 550 (M+H) + ; 
10 Anal. Calced for C^HgaF^O^HgO: C, 59.48; H, 5.51 ; N, 7.1 8. 

Found: C, 59.61; H, 5.13; N, 6.89. 

Example 17 

is 4-(1-(2-(2-Methylphenylamino)-6-benzothiazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecaro 
acid Isomer A and Isomer B: 

(Step 1) Synthesis of di-tert-butyl (3-fIuoro-4-nitrophenyl)malonate 
20 [0318] 



25 




[0319] In THF (400 ml) were dissolved 2,4-difluoronitrobenzene (17.4 g, 109 mmol) and di-tert-butyl malonate (27.0 
30 ml, 120 mmol). Under stirring at 0°C ( sodium hydride (60% in oil, 4.82 g, 120 mmol) was added in portions. The reaction 
mixture was then stirred overnight at room temperature. The reaction mixture was poured in 1 .0N-HCI (300 ml), followed 
by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from hexane-ethyl acetate (20:1 to 10:1) eluate fractions, di-tert-butyl (3-fluoro-4-nitrophenyl) 
35 malonate (5.1 7 g, 1 3%) was obtained as a pale yellow oil. 

1 H-NMR (CDCI 3 ) 6: 1 .49 (s, 1 8H), 4.51 (s, 1 H), 7.32 (d, J=8.4Hz, 2H), 7.42 (dd, J=1 1 .6.2.0H 1 H), 8.05 (t, J=8.4Hz, 1 H). 

(Step 2) Synthesis of ethyl 3-fluoro-4-nitrophenylacetate 

40 [0320] 



45 




[0321] Trifluoroacetic acid (25 ml) was added to a solution of di-tert-butyl (3-fluoro-4-nitrophenyl)ma1onate (5.11 g, 
14.4 mmol) in methylene chloride (50 ml). The resulting mixture was stirred at room temperature for 2 hours. The 

so reaction mixture was concentrated under reduced pressure to yield a colorless solid substance. To the solid substance 
were added concentrated sulfuric acid (1 ml) and ethanol (50 ml) and the mixture was heated and ref luxed for 2 hours. 
After cooling to room temperature, the reaction mixture was concentrated under reduced pressure. Ice water (100 ml) 
was poured in the residue, followed by extraction with ethyl acetate. The extract was washed with a saturated aqueous 
solution of sodium bicarbonate, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove 

55 the solvent, whereby ethyl 3-fluoro-4-nitropheny I acetate (3.15 g, 96%) was obtained as a yellow oil. 

1 H-NMR (CDCI3) 5: 1.27 (t, J=7.2Hz, 3H), 3.69 (s, 2H), 4.18 (q, J=14.4,7.2Hz, 2H), 7.21 (d, J=8.8Hz, 1H), 7.25 (d, 
J=10.0Hz, 2H), 8.03 (t, J=8.0Hz, 1H). 
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(Step 3) Synthesis of ethyl 3-(4-methoxybenzylthio)-4-nitrophenylacetate 



[0322] 




OMe 



[0323] Sodium hydride (60% in oil, 440 mg, 11 .0 mmol) was added in portions to a solution of ethyl 3-fluoro-4-nitro- 
phenylacetate (2.09 g, 9.20 mmol) and 4-methoxyphenylbenzylthiol (3.85 ml, 27.6 mmol) in N-methylpyrrolidone (30 
ml) under stirring at 0°C. After completion of the addition, the reaction mixture was stirred at room temperature for 5 
hours. The reaction mixture was poured in 1 .0N-HCI (30 ml), followed by extraction with ether. The extract was washed 
with water (twice), dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. 
The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (3:1) eluate 
fractions, ethyl 3-(4-methoxybenzylthio) -4- nitrophenyf acetate (3.37 g, quant.) was obtained as a yellow oil. 
1 H-NMR (CDCI 3 ) 5: 1 .27 (t, J=6.8Hz, 3H), 3.65 (s, 2H), 3.80 (s, 3H), 4.16 (s, 2H), 4.17 (q, J=14.4, 7.2Hz, 2H), 6.87 (d, 
J=8.4Hz, 2H), 7.15 (dd, J=8.4, 1.6Hz, 1H). 7.33 (d, J=8.4Hz, 2H), 8.17 (d, J=8.8Hz, 1H). 

(Step 4) Synthesis of ethyl 3-(4-methoxybenzylthio)-4-aminophenylacetate 



[0325] Under stirring, a solution of ethyl 3-(4-methoxybenzylthio)-4-nitrophenylacetate (3.33 g, 9.92 mmol), ammo- 
nium chloride (542 mg, 10.1 mmol) and reduced iron powder (2.57 g, 46.1 mmol) in ethanol/THF/water (2:2:1 , 75 ml) 
was heated and refluxed for 1 .5 hours. After the reaction mixture was cooled, the insoluble matter was filtered off. The 
filtrate was distilled under reduced pressure to remove the solvent. The residue was neutralized by pouring therein a 
saturated aqueous solution of sodium bicarbonate, followed by extraction with a chloroform-methanol mixture. The 
extract was dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from chloroform-ethyl acetate (20:1) eluate 
fractions, ethyl 3-(4-methoxybenzylthio)-4-aminophenylacetate (2.64 g, 86%) was obtained as a yellow oil. 
1 H-NMR (CDCI3) 8: 1.27 (t, J=6.8Hz, 3H), 3.45 (s, 2H), 3.81 (s, 3H), 3.90 (s, 2H), 4.16 (q, J=14.0,7.2Hz, 2H), 4.24 
(brs, 2H), 6.69 (d, J=8.0Hz, 1 H), 6.80 (d, J=8.4Hz, 2H), 7.06 (dd, J=8.4,2.0Hz, 1 H), 7.1 7 (s, 1 H), 7.1 8 (s, 1 H), 7.29 (s, 
1H). 

MS (ESI) m/z, 332 (M++H). 

(Step 5) Synthesis of ethyl 4-(N'-(2-methylphenyl)thioureido)-3-(4-methoxybenzylthio)phenylacetate 



[0327] A solution of ethyl 3-(4-methoxybenzyithio)-4-aminophenylacetate (2.55 g, 7.69 mmol) and o-tolyl isocyanate 



[0324] 




[0326] 
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(1 .74 ml, 8.46 mmol) in acetonitrile (20 ml) was stirred overnight at 60°C. After the reaction mixture was cooled, the 
solvent was distilled off under reduced pressure. The residue was purified by chromatography on a silica gel column, 
whereby from hexane-ethyl acetate (3:1) eluate fractions, ethyl 4-(N'-(2-methylphenyl)thioureido)-3-(4-methoxyben- 
zylthio)phenylacetate (1 .66 g, 45%) was obtained as a yellow oil. 
5 1 H-NMR (CDCI 3 ) 8: 1.24 (t, J=7.2Hz, 3H), 3.51 (s, 2H), 3.73 (s, 2H), 3.77 (s, 3H), 4.13 (q, J=14.4,7.2Hz, 2H), 6.69 (d, 
J=8.8Hz, 1H) P 6.84 (d, J=8.8Hz ( 2H), 7.21-7.34 (series of m, 6H), 7.60 (brs, 1 H), 8.10 (brs, 1 H), 8.32 (d, J=8.0Hz, 2H). 
MS (ESI) m/z, 481 (M + +H). 

(Step 6) Synthesis of ethyl 2-(2-methylphenylamino)-6-benzothiazolylacetate 

10 

[0328] 



15 




20 

[0329] In ethanol (50 ml), ethyl 4-(N'-(2-methylphenyl)thioureido)-3-(4-methoxybenzylthio)phenylacetate (1 .63 g, 
3.40 mmol) and mercuric oxide (yellow) (1 .1 0 g, 1 6.4 mmol) were stirred for one hour at 70°C. Water (50 ml) was added 
and the mixture was extracted with ethyl acetate. The extract was washed with water and a saturated aqueous solution 
of sodium bicarbonate, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. 
25 The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (3:1) eluate 
fractions, ethyl 2-(2-methylphenylamino)-6-benzothiazolylacetate (922 mg, 83%) was obtained as a pale yellow oil. 
1 H-NMR (CDCI3) 8: 1.25 (t, J=7.2Hz, 3H), 2.78 (s, 3H), 3.64 (s, 2H), 4.14 (q, J=14.4,7.6Hz, 2H), 7.17-7.22 (m, 2H), 
7.29 (t, J=7.2Hz, 2H), 7.43 (d, J=8.0Hz, 1H), 7.51 (brs, 1H), 7.65 (d, J=8.0Hz, 1H), 8.00 (brs, 1H). 
MS (ESI) m/z, 327 (M++H). 

30 

(Step 7) Synthesis of 2-(2-methylphenylamino)-6-benzothiazolylacetic acid 
[0330] 

35 



40 




[0331] In THF-methanol (1 :1 , 20 ml) was dissolved ethyl 2-(2-methylphenylamino)-6-benzothiazolylacetate (907 mg, 
2.78 mmol). To the resulting solution was added 1.0M-NaOH (8.34 ml, 8.34 mmol), followed by stirring overnight at 
45 room temperature. The reaction mixture was concentrated under reduced pressure. The residue was acidified with 
1 .ON HCI. The crystals thus obtained were collected by filtration under reduced pressure, washed with water and dried 
at 60°C under reduced pressure, whereby 2-(2-methylpheny!amino)-6-benzothiazolylacetic acid (675 mg, 81%) was 
obtained as a white crystalline powder. 

1 H-NMR (DMSO-d 6 ) 8: 2.59 (s, 3H), 3.88 (s, 2H). 7.37 (t, J=7.2Hz, 1 H), 7.44-7.46 (m, 1 H), 7.52 (t, J=7.6Hz, 2H), 7.69 
50 (d, J=8.0Hz, 1H), 7.90 (s, 1H), 8.13 (d, J=8.0Hz, 1H) . 
MS (ESI) m/z, 299 (M + +H). 
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(Step 8) Synthesis of methyl 4-(1 -(2-(2-methylphenylamino)-6-benzothiazolylacetyl)-(4S)-fluoro(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0332] 




[0333] HOBt (14.0 mg, 0.10 mmol) was added to a solution of methyl 4-((4S)-fluoro-(2S)-pyrrolidinytmethoxy)cy- 
clohexanecarboxylate (259 mg, 1.00 mmol), 2-(2-methylphenylamino)-6-benzothiazolylacetic acid (328 mg, 1.10 
mmol) and EDC-HCI (288 mg, 1 .50 mmol) in DMF (10 ml). The resulting mixture was stirred overnight at room tem- 
perature. The reaction mixture was poured in water (30 ml) and the mixture was extracted with ethyl acetate. The 
extract was washed with water, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate 
(1 :4) eluate fractions, methyl 4-(1 -(2-(2-methylphenylamino)-6-benzothiazolylacetyl)-(4S)-fluoro(2S)-pyrrolidinylmeth- 
oxy)cyclohexanecarboxylate (409 mg, 76%), which was a mixture of two diastereomers, was obtained as a colorless 
amorphous substance. 

1 H-NMR (CDCI 3 ), mixture of rotamars, 8: 1 .20-1 .30 (m, 1 H). 1 .39-1 .55 (m, 2H), 1 .56-1 .72 (m, 2H), 1 .77-1 .92 (m, 3H), 
1.99-2.15 (m, 3H), 2.20-2.55 (m, 2H), 2.34 (s, 3H), 3.20-3.40 (series of m, 6H), 3,66, 3.70 and 3.72 (s, total 3H), 
5.15-5.30 (m, 1H), 7.16-7.20 (m, 2H), 7.26-7.28 (m, 3H), 7.45 (dd, J=8.4,3.6Hz t 1H), 7.50-7.53 (m, 1H), 7.64-7.67 (m, 
1H). 

MS (ESI) m/z, 540 (M++H). 

(Step 9) Synthesis of 4-(1 -(2-(2-methylphenylamino)-6-benzothiazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid, Isomer A and Isomer B 



[0335] To a solution of methyl 4-(1-(2-(2-methylphenylamino)-6-benzothiazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (397 mg, 0.74 mmol), which was a mixture of two diastereomers, in methanol-THF 
(1:1, 10 ml) was added 0.25M-NaOH (8.83 ml, 2.21 mmol). The resulting mixture was stirred overnight at room tem- 
perature. The reaction mixture was poured in 1 N-HCI (20 ml) and the mixture was extracted with a chloroform-methanol 
mixture. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent, whereby 4-(1 -(2- (2-methylphenylamino)-6-benzothiazolylacetyl)-(4S)-fluoro-(2S)-pyr- 
rolidinylmethoxy)cyclohexanecarboxylic acid (468 mg, 89%), a mixture of two diastereomers, was obtained as a color- 
less amorphous substance. The mixture of these two diasteromers was separable by HPLC (Shimpack PRC-ODS/30 
mm x 250 mm, acetonitrile: 0.02N sodium acetate buffer = 1:1,20 ml/min) so that Isomer A and Isomer B were obtained 
each in the form of a colorless amorphous substance. 



1 H-NMR (CDCI3), mixture of rotamars, 6: 1.18-1.31 (m, 2H), 1.43-1.55 (m, 2H), 2.05-2.15 (m, 6H), 2.21-2.48 (m, 3H), 
2.41 (s, 3H), 3.23-4.24 (series of m, 6H), 5.16-5.30 (m, 1H), 7.17-7.29 (m, 4H), 7.44-7.52 (m, 3H), 7.58 (s, 1H). 
MS (ESI) m/z, 526 (M++H). 



[0334] 




Isomer A; 
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Isomer B; 

1 H-NMR (CDCI 3 ), mixture of rotamars, 6: 1 .22-1.30 (m, 2H), 1 .43-1 .52 (m, 2H), 1 .68-2.02 (m, 6H), 2.10-2.18 (m, 1H), 
2.30 (s, 3H), 2.22-2.50 (m, 2H) P 3.33-4.48 (series of m, 6H), 5.14-5.29 (m, 1H), 7.17-7.27 (m, 5H), 7.43-7.50 (m, 3H) ; 
MS (ESI) m/z, 526 (M + +H). 

Example 1 8 

6-((4S)-Fluoro-1-(2-(2-methyIphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrroljdinylmethoxy)nicot^ acid: 

(Step 1) Synthesis of methyl 6-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)- 
pyrro!idinylmethoxy)nicotinate 

[0336] 




CO,Me 

[0337] Methyl 6-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)nicotinate (202.0 mg, 0.794 mmol), 2-(2-methylphenylamino)- 
6-benzoxazolylacetic acid (224.2 mg, 0.794 mmol) and HOBt (21 .5 mg, 0.1 59 mmol) were dissolved in DMF (8.5 ml). 
Under stirring at room temperature, EDC-HCI (228.4 mg, 1 .1 92 mmol) was added to the resulting solution. The reaction 
mixture was further stirred overnight at room temperature. Water (30 ml) was added and the mixture was extracted 
with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from chloroform-ethyl acetate (5:1 , v/v) eluate fractions, the title compound (370.1 mg, 90%) was obtained 
as a colorless amorphous substance. 

1 H-NMR (CDCI3) 5: 2.02-2.30 (1H, m, CH 2 ) , 2.34, 2.35 (total 3H, s, ArMe), 2.38-2.53 (1H, m, CH 2 ), 3.65-4.83 (total 
10H, series of m, including 3H, s at (3.88, 3.90), 5.28 (1H, br d, J-53.9), 6.71-8.88 (total 11 H, series of m, ArH, NH). 

(Step 2) Synthesis of 6-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy) 
nicotinic acid 

[0338] 




CO,H 

[0339] Methyl 6-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)nicotinate 
(370.1 mg, 0.714 mmol) was dissolved in THF (7.5 ml). At room temperature, 0.25N NaOH (7.5 ml) was added at room 
temperature. The reaction mixture was stirred overnight at 50°C. The reaction mixture was concentrated under reduced 
pressure. The concentrate was acidified with 1N HCI. The crystals thus obtained were collected by filtration under 
reduced pressure, washed with water and dried at 50°C under reduced pressure, whereby the title compound (214.8 
mg, 60%) was obtained as a pale brown amorphous substance. 
IR (KBr) 1683, 1637, 1600, 1573, 1244 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 2.13-2.41 (5H, m, including 3H, s at (2.31), 3.30-4.72 (total 7H, series of m), 5.43 (1H, brd, 
J=52.8Hz), 6.86-7.42 (total 9H, series of m), 7.79 (1H, m), 8.10-8.22 (1H, m), 8.71 (1H, m). 
MS (ESI) m/z 505 (M + +1); 

Anal. Calcd for C 27 H25FN 4 O 5 .0.25R 2 O: C, 59.01 ; H, 5.50; N, 10.19; F, 3.46. 
Found: C, 59.38; H, 5.31; N, 9.73; F, 3.30. 
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Example 19 

Methyl 6-((4S)-fluoro-1-(2-(2-methylphenyla^ 
5 [0340] 



w 




CO,Me 

15 [0341] In methanol/benzene (1/1 , v/v) (1 .5 ml) was dissolved 6-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzox- 
azolylacetyl)-(2S)-pyrrolidinylmethoxy)nicotinic acid (51.6 mg, 0.1023 mmol). Trimethylsilyldiazomethane (2.0M hex- 
ane solution, 0.08 ml, 0.1 534 mmol) was added dropwiseto the resulting solution under stirring at 0°C. After completion 
of the dropwise addition, the reaction mixture was stirred at room temperature for 3 hours. The solvent was distilied 
off under reduced pressure. The residue was purified by chromatography on a silica gel column, whereby from chlo- 

20 roform-methanol (10:1, v/v) eluate fractions, the title compound (44.4 mg, 84%) was obtained as a colorless amorphous 
substance. 

1 H-NMR (CDCI 3 ) 6: 2.02-2.30 (1H, m), 2.34, 2.35 (total 3H, s), 2.38-2.53 (1H, m), 3.65-4.83 (total 10H, series of m, 
including total 3H, s at 53.88, 3.90), 5.28 (1H, brd, J=53.9), 6.71-8.88 (total 11 H, series of m). 
MS (ESI) m/z519(M + +1). 

25 

Example 20 

4-((4S)-Methoxy-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic 
acid, Isomer A and Isomer B: 

30 

(Step 1) Synthesis of methyl 4-(1 -(tert-butoxycarbonyl)-(4S) -methoxy-(2S)-pyrrolidinylmethoxy)benzoate 
[0342] 

35 

MeC) 



40 




[0343] Methyl 4-(1-(tert-butoxycarbonyl)-(4S)-hydroxy-(2S)-pyrrolidinylmethoxy)benzoate (1.03 g, 2.92 mmol) and 
methyl iodide (300 uJ, 5.91 mmol) were dissolved in DMF (20 ml). Under stirring at 0°C, sodium hydride (60% in oil, 

45 145 g, 3.62 mmol) was added in portions. After the whole amount of sodium hydride was added, the reaction mixture 
was further stirred overnight at room temperature. The reaction mixture was then poured in water and the mixture was 
extracted with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from hexane-ethyl acetate (4:1 , v/v) eluate fractions, methyl 4-(1 -(tert-butoxycarbonyl)-(4S)-meth- 

50 oxy-(2S)-pyrrolidinylmethoxy)benzoate (943 mg, 88%) was obtained as a pale yellow oil. 

1 H-NMR (CDCI3) 5: 1.46 (s, 9H), 2.03 (br, 1H). 2.27 (dd, J=1 .6,14.0Hz, 1H), 3.27 (s, 3H), 3.50 (m, 2H), 3.86 (s, 3H), 
3.91-4.00 (br. m, 2H), 4.12-4.36 (br. m, 2H), 6.94 (br, 2H), 7.95 (d, J=8.8Hz, 2H). 
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(Step 2) Synthesis of methyl 4-((4S)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohexariecarboxylate 



[0344] 



MeO 




CO,Me 



[0345] Methyl 4-(1 -(tert-butoxycart)onyl)-(4S)-methoxy-(2S)-pyrrolidinylmethoxy)benzoate (943 mg t 2.56 mmol) was 
dissolved in ethanol (10 ml) and acetic acid (1 ml). To the resulting solution was added rhodium-alumina (500 mg) and 
the mixture was subjected to catalytic hydrogenation overnight at room temperature under 5 atm. The catalyst was 
filtered off and the filtrate was distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column, whereby from hexane-ethyl acetate (3:1 , v/v) eluate fractions, methyl 4-(1-(tert- 
butoxycarbonyl)-(4S)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (819 mg, 86%) was obtained as a 
pale yellow oil. The resulting methyl 4*(1-(tert-butoxycarbonyl)-(4S)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohexane- 
carboxylate (819 mg, 2.20 mmol) was then dissolved in methylene chloride (9 ml). After addition of trifluoroacetic acid 
(4 ml) at 0°C, the mixture was stirred at room temperature for 1 .5 hours. The reaction mixture was distilled under 
reduced pressure to remove the solvent. The residue was basified by the treatment with 1N NaOH, followed by ex- 
traction with chloroform. The extract was washed saturated with brine, dried over anhydrous magnesium sulfate and 
distilled under reduced pressure to remove the solvent, whereby methyl 4-((4S)-methoxy-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate (2.53 g, 81%) was obtained as a pale yellow oil (a mixture of two diasteromers). 
1 H-NMR (CDCI 3 ) 8: 1 .47 (m, 3H), 1 .61 (m, 2H), 1 .81 (m, 4H), 2.03 (m, 2H), 2.32 (m, 1 H), 2.84 (dd, J=5. 1,11 .5Hz, 1 H), 
3.60 (d, J=1 1.5Hz, 1H), 3.21 (br, 1H), 3.24 (s, 3H), 3.35-3.44 (m, 3H), 3.63 (s, 3H), 3.68 (br, 1H) . 

(Step 3) Synthesis of methyl 4-((4S)-methoxy-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)- 
pyrrolidinylmethoxy)cyclohexanecartooxylate 



[0347] In DMF (7 ml) were dissolved 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (21 8 mg, 0.77 mmol) and 
methyl 4-( (4S)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (210 mg, 0.77 mmol). EDC-HCI (235 mg, 
1 .22 mmol), HOBt (5.0 mg, 0.04 mmol) and DMAP (5.0 mg, 0.04 mmol) were added to the resulting solution, followed 
by stirring overnight at room temperature. The reaction mixture was diluted with ethyl acetate. The diluted mixture was 
then washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to 
remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform- 
methanol (10:1, v/v) eluate fractions, methyl 4-((4S)-methoxy-1-(2-(2-methylphenylamjno)-6-benzoxazolylacetyl) - 
(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (385 mg, 93%) was obtained as a pale brown oil (a mixture of two 
diastereomers). 

IR (KBr)2937, 1732, 1641 , 1574 cm' 1 ; 

1 H-NMR (CDC! 3 ) 5: 1 .47 (m, 2H), 1 .62 (m, 2H), 1 .76-1 .88 (m, 4H), 1 .91 -2.05 (m, 2H), 2.23 (m, 1 H), 2.33 (d, 3H), 2.35 
(m, 1 H), 3.27 (d, 3H), 3.40-3.54 (m, 3H), 3.65 (d, 3H), 3.67 (m, 2H), 3.78-4.02 (series of m, total 2H), 4.1 2-4.26 (series 
Of m, totaMH), 6.86 (br, 1H), 7.05 (q, J=7.6Hz, 2H), 7.15 (d, J=7.6Hz, 1H), 7.28 (m, 2H), 7.37 (dd, J=2.6,8.0Hz, 1H), 
8.07 (d, J=8.0Hz, 1H) . 
MS (ESI) m/z 536 (M+H) + ; 



[0346] 



OMe 
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Anal. Calced for CaoHa^Og.O.Sr^O: C, 66.16; H, 7.03; N, 7.72. 
Found: C, 66.06; H, 6.96; N, 7.57. 

(Step 4) Synthesis of 4-((4S)-methoxy-1-(2-(2-methylphenylamm 
5 cyclohexanecarboxylic acid, isomer A and Isomer B 

[0348] 

10 OMe 



15 




[0349] Methyl 4-((4S)-methoxy-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)cy- 
clohexanecarboxylate (940 mg, 1 .79 mmol) was dissolved in THF (15 ml) and methanol (1 ml). To the resulting solution 

20 was added 0.25N NaOH (2 eq) r followed by stirring overnight at room temperature. The reaction mixture was diluted 
with chloroform-methanol (5:1, v/v). The diluted mixture was washed with 1N HCI, dried over anhydrous magnesium 
sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a 
silica gel column, whereby from chloroform-methanol (20:1 , v/v) eluate fractions, 4-((4S)-methoxy-1-(2-(2-methylphe- 
nylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid (568 mg, 64%) was obtained 

25 as a mixture of two diastereomers. The mixture of two diastereomers was separable by HPLC (Shimpack PRC-ODS- 
30 mm x 250 mm, acetonitrile : 0.02N sodium acetate buffer = 1:1 , 20 ml/min). Isomer A (39 mg, 11%) and Isomer B 
(246 mg, 67%) were obtained, each as a pale yellow crystalline powder. 
Isomer A; 

IR (KBr) 2933, 1697, 1641, 1574 cm* 1 ; 
30 1H-NMR (CDCI 3 ) 5: 1 .1 8 (m, 4H), 1 .40 (m, 2H), 1 .96 (m, 4H), 2.19 (m, 2H), 2.28 (s, 3H), 3.15 (m, 1 H), 3.21 (d, J=4.4Hz, 
3H), 3.40 (m, 2H), 3.60 (m, 3H), 3.64-3.90 (series of m, total 3H), 4.04-4.19 (m, 1H), 5.17 (br, 1H), 7.02 (t, J=7.4Hz, 
2H), 7.16 (m, 1H), 7.23 (m, 2H), 7.66 (d, J=8.0Hz, 1H). 
MS (ESI) m/z 522 (M+ H) + ; 

Anal. Calcd for CggR^CVI .75H 2 0: C, 62.97; H, 7.02; N, 7.60. 
35 Found: C, 63.39; H, 7.04; N, 6.90. 
Isomer B; 

IR (KBr) 2931 , 1 697, 1 641 , 1 574 cm' 1 ; 

1 H-NMR (CDCI3) 8: 1.48 (m, 2H), 1.64-1.98 (series of m, total 8H), 2.23 (m, 1H), 2.27 (s, 3H), 2.38 (m, 1H), 3.27 (d, 
J=6.8Hz, 1H), 3.39-3.47 (m, 3H), 3.54 (q, J=8.8Hz, 1H), 3.66 (m, 2H), 3.88 (m, 2H), 4.20 (m, 1H), 7.05 (t, J=7.0Hz, 
40 2H), 7.1 9 (m, 1 H), 7.30 (m, 2H), 7.81 (dd, J=8.0,44.4Hz, 1 H). 
MS (ESI) m/z 522 (M+H) + ; 

Anal. Calcd for C 29 H 35 N 3 0 6 .H 2 0: C, 64.55; H, 6.91; N, 7.79. 
Found: C, 64.81 ; H, 7.17; N, 7.00. 
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Example 21 

4-(1-(2-(2-Methylphenylamino)-6-benzoxa20lylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylm 
acid, Isomer G and Isomer H: 

(Step 1) Synthesis methyl 4-(N-carbobenzoxy-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate, Isomer 
A and Isomer B 

[0350] 



Cb7 I 



ciz~^0-^^C0 8 Me 



[0351] Methyl 4-((4S)-fluoro-(2S)-pyrrolldinylmethoxy)cycloehexanecarboxylate (529 mg, 2.04 mmol) and carboben- 
zoxy chloride (30 to 35% in toluene, 1.21ml, 2.04 mmol) were dissolved in methylene chloride (20 ml). Under stirring, 
a saturated aqueous solution of sodium bicarbonate (5 ml) was added at room temperature. The reaction mixture was 
further stirred for 5.5 hours at room temperature. The reaction mixture was poured in water (20 ml) and the mixture 
was extracted with ethyl acetate. The extract was then dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
hexane-ethyl acetate (2:1) eluate fractions, methyl 4-(N-carbobenzoxy-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohex- 
anecarboxylate (648 mg, 85%), that is, a mixture of two diastereomers was obtained as a colorless oil. Since the 
mixture was separable into two diasteromers by medium-pressure chromatography on a silica gel column, from hexane- 
ethyl acetate (3:1) eluate fractions, two isomers were separated. 
Isomer A: 

1 H-NMR (CDCI 3 ) 8: 1 .48 (brs, 2H), 1.64 (brs, 2H), 1.84 (brs, 4H), 2.01-2.18 (m, 1H) t 2.41-2.51 (m, 1H), 3.33-3.51 (m, 
2H), 4.60-3.75 (m, 3H), 3.67 (s, 3H), 4.11-4.15 (m, 1H), 5.10-5.29 (series of m, 3H), 7.30-7.37 (m, 5H). 
MS (ESI) m/z, 394 (M + +H) .; 
Isomer B: 

1 H-NMR (CDCI3) 5: 1 .26 (brs, 2H), 1.44 (brs, 2H), 1 .99-2.13 (m, 5H), 2,39 (brs, 1H), 2.39-2.48 (m, 1H), 3.18-3.36 (m, 
2H), 3.61-3.86 (m, 3H), 3.67 (s, 3H), 4.14 (brs, 1H), 5.10-5.29 (series of m, 3H), 7.31-7.37 (m, 5H). 
MS (ESI) m/z, 394 (M + +H). 

(Step 2) Synthesis of methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (Isomer C) 
[0352] 



[0353] In methanol (10 ml), methyl 4-(N-carbobenzoxy-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxy- 
late (the above-described Isomer A, 451 mg, 1 .15 mmol) and 20% palladium hydroxide/carbon (42 mg) were subjected 
to catalytic hydrogenation overnight at room temperature and 1 atm. The catalyst was filtered off from the reaction 
mixture and the filtrate was distilled under reduced pressure to remove the solvent, whereby methyl 4-((4S)-f luoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate (311 mg, 100%) was obtained as a colorless solid (Isomer C). 
[0354] As a result of X-ray structural analysis, the derivative of this compound was confirmed to be methyl cis-9-((4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate whose substituents at the 1 - and 4-positions on the cyclohex- 
ane ring had a cis relative configuration. 

1 H-NMR (CDCI 3 ), mixture of rotamars, 5: 1.50 (brt, J=14.0Hz, 2H), 1.61-1.66 (m, 2H), 1.80-2.01 (series of m, 5H), 
2.17-2.37 (m, 2H), 3.05-3.18 (m, 1H), 3.40-3.61 (series of m, 5H), 3.64 (s, 3H), 5.01 (brs, 1H), 5.14-5.30 (m, 1H). 
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MS (ESI) m/z, 360 (M + +H). 



(Step 3) Synthesis methyl of 4-((4S)-fluoro-(2S)-pyrro!idinylmethoxy)cyclohexanecart)Oxylate (Isomer D) 



[0355] 




;0,Me 



[0356] In methanol (5 ml), methyl 4-(N-carbobenzoxy-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
(Isomer B, 121 mg, 0.31 mmol) and 20% palladium hydroxide/carbon (1 9 mg) were subjected to catalytic hydrogenation 
overnight at room temperature and 1 atm. The catalyst was filtered off from the reaction mixture and the filtrate was 
distilled under reduced pressure to remove the solvent, whereby methyt 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cy- 
clohexanecarboxylate (311 mg, quant.) was obtained as a colorless solid (Isomer D). 

[0357] As a result of X-ray structural analysis, the derivative of this compound was confirmed to be methyl trans- 
4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate whose substituents at the 1- and 4-positions on the 
cyclohexane ring had a trans relative configuration. 

1 H-NMR (CDCI 3 ), mixture of rotamars, 8: 1 .21 -1 .31 (m, 2H), 1 .41 -1 .51 (m, 2H), 1 .74-1 .87 (m, 1 H), 1 .98-2.09 (m, 5H), 
2.11-2.30 (m, 2H), 2.48 (brs, 1H), 2.85-2.98 (m, 1H), 3.22-3.59 (series of m, 5H), 5.12-5.26 (m, 1H). 
MS (ESI) m/z, 360 (M + +H). 

(Step 4) Synthesis of methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate (Isomer E) 



[0359] In DMF (10 ml), HOBT (5.2 mg, 0.04 mmol) was added to methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate (Isomer C, 50 mg, 0.19 mmol), 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (59.9 g, 
0.21 mmol) and EDC-HCI (55.5 mg, 0.29 mmol) under stirring at room temperature. After stirring overnight at room 
temperature, the reaction mixture was poured in water (10 ml) and the mixture was extracted with ethyl acetate. The 
extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl 
acetate (1 :5) eluate fractions, methyl 4-(1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidi- 
nylmethoxy)cyclohexanecarboxylate (92.0 mg, 91%) was obtained as a colorless amorphous substance (Isomer E). 
1 H-NMR (CDCI 3 ), mixture of rotamars, 8: 1.46-2.48 (series of m. 11H), 2.35 (s, 3H), 3.38-4.41 (series of m, 8H), 
3.64-3.68 (m, 3H), 5.15-5.30 (m, 1H), 7.07 (dd, J=1 6.0,7.6Hz, 2H), 7.21 (d, J=8.0Hz, 1 H), 7.30 (t, J=6.4Hz, 2H), 
7.32-7.40 (m, 1 H), 8.07 (d, J=8.4Hz, 1 H). 



[0358] 
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(Step 5) Synthesis of methyl 4-(1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate (Isomer F) 



[0360] 
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Me 



•COjMe 



15 [0361] In DMF (10 ml), HOBT (8.0 mg, 0.04 mmol) was added to methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate (Isomer D, 77 mg, 0.30 mmol), 2-(2-methylphenylamino)-6-benzoxazolylacetlc acid (92.2 mg, 
0.33 mmol) and EDC HCI (85.4 mg, 0.45 mmol) under stirring at room temperature. After further stirring overnight at 
room temperature, the reaction mixture was poured in water (1 0 ml) and the mixture was extracted with ethyl acetate. 
The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure 

20 to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl 
acetate (1 :5) eluate fractions, methyl 4-(1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-f luoro-(2S)-pyrrolidi- 
nylmethoxy)cyclohexanecarboxylate (142 mg, 91%) was obtained as a colorless amorphous substance (Isomer F). 
1 H-NMR (CDCI 3 ), mixture of rotamars, 5: 1.16-1.32 (m, 2H), 1.40-1.54 (m, 2H), 196-2.50 (series of m, 7H), 2.36 (s, 
3H), 3.21-3.29 (m, 1H), 3.32-3.52 (m, 1H), 3.50-4.39 (series of m, 6H), 3.62-3.69 (m, 3H), 5.15-5.31 (m, 1H), 7.05-7.10 

25 (m, 2H), 7.22 (d, J=7.2Hz, 1H), 7.29-7.31 (m, 3H), 7.39-7.43 (m, 1H), 8.06 (d, J=8.0Hz, 1H). 

(Step 6) Synthesis of 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid (Isomer G) 



[0363] Methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohex- 
anecarboxylate (Isomer E, 92.0 mg, 0.18 mmol) was dissolved in methanol-THF (1:1, 10 ml). After addition of 
0.25M-NaOH (0.53 ml, 2.11 mmol) under stirring at room temperature, the reaction mixture was stirred at room tem- 
perature for 1 5 hours. To the reaction mixture was further added 1 .0M-NaOH (0.35 ml, 0.35 mmol), followed by stirring 

45 at 50°C for 2.5 hours. The reaction mixture was poured in 1 N-HCI (20 ml) and the mixture was extracted with a chlo- 
roform-methanol mixture. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from chloroform-methanol (10:1) eluate fractions, 4-(1-(2-(2-methylphenylamino)-6-benzoxazoly- 
lacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid (78.0 mg, 87%) was obtained as a colorless 

50 amorphous substance (Isomer G). 

IR (KBr) 2933, 1693, 1641, 1575 cm* 1 ; 

1 H-NMR (CDCI3) 5: 1.45-1.58 (m, 2H), 1.63-2.01 (series of m, total 6H), 2.10-2.25 (m, 1H) , 2.40-2.62 (m, 1H), 2.34 
and 2.35 (s, total 3H), 3.30-4.48 (series of m, 9H), 5.14-5.29 (m, 1 H), 7.05-7.12 (series of m, 2H), 7,20-7.33 (series of 
m, 5H), 7.70 and 7.75 (d, J=8.0Hz, total 1H). 
55 MS(FAB)m/z510(M + +H) 



30 [0362] 
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(Step 7) Synthesis of 4-(1-(2-(2-methylphenylamino)-6-benzo 
cyclohexanecarboxylic acid (Isomer H) 

[0364] 

5 



F 



10 




[0365] Methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fl^^ 

anecarboxylate (Isomer F, 130 mg, 0.25 mmol) was dissolved in methanol-THF (1:1, 10 ml). After addition of 
0.25M-NaOH (1.99 ml, 0.50 mmol) at room temperature, the reaction mixture was stirred at room temperature for 1 
hour. To the reaction mixture was added 1.0M-NaOH (0.74 ml, 0.74 mmol) and the mixture was stirred at 50°C for 3 

20 hours. The reaction mixture was poured in 1 N-HCI (20 ml) and the mixture was extracted with a chloroform-methanol 
mixture. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
chloroform-methanol (10:1) eluate fractions, 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
pyrroiidinylmethoxy)cyclohexanecarboxylic acid (120 mg, 95%) was obtained as a colorless amorphous substance 

25 (Isomer H). 

IR(KBr)2937, 1699, 1641, 1574 cm' 1 ; 

1 H-NMR (CDCI 3 ) 8: 1.20-1.31 (m, 2H), 1.43-1.56 (m, 2H), 2.10 (brs, 5H), 2.21-2.50 (m, 1H), 2.34 (s, 3H), 3.24-4.48 
(series of m, 9H), 7.01 (brs, 1H), 7.11 (brs, 1H), 7.22-7.36 (series of m, 5H), 7.81 (brd, J=5.6Hz, 1H). 
MS (FAB)m/z510(M + +H); 
30 Anal. Calced for CggH^F^Og: C, 66.00; H, 6.33; N, 8.25. 
Found: C, 65.71; H, 6.42; N, 8.08. 

Example 22 

35 4-(1-(2-(2-Methylphenylamino)-6-benzoxazolyta 
and Isomer B: 

(Step 1) Synthesis of methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate (cis and trans forms) 

40 

[0366] 



45 
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[0367] In methylene chloride (20 ml), EDC(HCI (691 mg, 3.6 mmol) was added at 0°C to methyl 4-(1-(tert-butoxy- 
carbonyl)-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (580 mg, 2.4 mmol), 2-(2-methylphenylamino)-6-benzox- 
azolylacetic acid (678 mg, 2.4 mmol), HOBt (324 mg, 2.4 mmol) and triethylamine (1.0 ml, 7.2 mmol). The reaction 
mixture was stirred at room temperature for 1 6 hours. Ice water (1 0 ml) was added and the mixture was extracted with 
55 ethyl acetate. The extract was washed with a saturated aqueous solution of sodium bicarbonate, a 2M aqueous citric 
acid solution and a saturated aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from hexane-ethyl acetate (1 :2, v/v) eluate fractions, the title compound (500 mg, 48%) was obtained as a 
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colorless oil. 



1 H-NMR (CDCI 3 ) 8: 1 .30-2.10 (m, 12H), 2,36 (s, 3H), 3.30-3.90 (m, 7H), 4.1 0-4.25 (m, 2H), 7.00-7.40 (m, 7H), 8.04-8.06 
(m t 1H). 

(Step 2) Synthesis of 4-(1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid, Isomer A and Isomer B 



[0369] In THF (10 ml) and methanol (5 ml) was dissolved methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazoly- 
lacetyl)-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (580 mg, 1 .1 mmol), that is, a mixture of two diastereomers 
(cis and trans forms). After addition of 1 N NaOH (1 .5 ml, 1 .5 mmol), the mixture was stirred at 70°C for 24 hours. The 
residue obtained by distilling off the solvent under reduced pressure, was acidified weakly with 1 N HCI. The crystals 
thus precipitated were collected by filtration under reduced pressure. The resulting crystals were washed with water 
and dried under reduced pressure, whereby 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylic acid was obtained as a mixture of two diasteromers. The mixture was separated by 
HPLC (C18 column, eluting with 0.02N acetate buffer-acetonitrile (1:1, v/v)), whereby Isomer A (150 mg, 27%) was 
obtained as a white crystalline solid. 
IR (KBr) 2937, 2867, 1641, 1573, 1440, 1243 crrr 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 1.39-1.85 (m, 10H), 2.23-2.28 (m, 2H), 2.29 (s, 3H), 3.41-4.03 (m, 9H), 7.01-7.08 (m, 2H), 
7.21-7.28 (m, 4H), 7.80-7.82 (m, 1H). 
MS (FAB) m/z 492 (M+H)+; 

Anal, calcd for C 28 H33N 3 O 5 .0.2H 2 O: C, 67.91; H, 6,80; N, 8.49. 
Found: C, 67,79; H, 6.77; N, 8.25. 

[0370] From HPLC (C1 8 column, eluting with 0.02N acetate buffer-acetonitrile (1 :1 , v/v)) eluate fractions, Isomer B 
(10 mg, 1 .7%) was obtained as a white crystalline solid. 

1 H-NMR (DMSO-d 6 ) 8: 1.11-1.30 (m, 5H), 1.80-2.11 (m, 7H), 2.29 (s, 3H), 3.44-4.00 (m, 9H), 7.02-7.08 (m, 2H), 
7.21-7.29 (m, 4H), 7.79-7.81 (m, 1H). 

Example 23 

4-(1-(2-(2-Methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)- 
3-methylcyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl 4-hydroxy-3-methylbenzoate 



[0372] In DMSO (10 ml) and methanol (5 ml) were dissolved 4-hydroxy-3-methyliodobenzene (3.13 g, 13.4 mmol), 
triethylamine (4.11 ml, 29.5 mmol), palladium acetate (150 mg, 0.67 mmol) and 1 ,3-bls(diphenylphosphino)propane 
(276 mg, 0.67 mmol). Under stirring at room temperature, a carbon monoxide gas was introduced for 1 0 minutes. The 
reaction mixture was further stirred at 70°C for 2 days under a carbon monoxide gas stream. After cooling to room 
temperature, the reaction mixture was concentrated. The concentrate was poured in water (20 ml), followed by extrac- 



[0368] 




[0371] 




85 



EP1 346 982 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



tion with ethyl acetate. The extract was washed successively with water (x 2) and saturated brine (X2), dried over 
anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column, whereby from hexane-ethyl acetate (5:1) eluate fractions, methyl 4-hydroxy- 
3-methylbenzoate (2.00 g, 90%) was obtained as a white crystalline solid. 

1 H-NMR (CDCI 3 ) 6: 2.28 (s, 3H), 3.90 (s, 3H), 6.20 (brs, 1 H), 6.83 (d, J=8.4Hz, 1 H). 7.79 (d, J=8.4Hz, 1 H), 7.85 (s, 1 H) . 
(Step 2) Synthesis of methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)-3-methylbenzoate 



[0374] Methyl 4-hydroxy-3-methylbenzoate (1 .98 g, 1 1 .9 mmol), N-tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidinyl- 
methanol (2.87 g, 13.1 mmol) and triphenylphosphine (3.43 g, 13.1 mmol) were dissolved in THF (50 ml). Under stirring 
at room temperature, diisopropyl azodicarboxylate (2.57 ml, 1 3.1 mmol) was added and the reaction mixture was stirred 
overnight at 60°C. After cooling to room temperature, the reaction mixture was concentrated under reduced pressure. 
The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (4:1) eluate 
fractions, methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)-3-methylbenzoate was obtained. This compound was not 
purified further. Methylene chloride (50 ml) and trifluoroacetic acid (25 ml) were added. The mixture was then stirred 
at room temperature for 20 minutes. To the residue obtained by distilling off the solvent under reduced pressure, a 
saturated aqueous saturated solution of sodium bicarbonate was added to make it alkaline, followed by extraction with 
chloroform. The extract was dried over anhydrous sodium sulfate and dried under reduced pressure to remove the 
solvent, whereby methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)-3-methylbenzoate (551 mg, 17%) was obtained as 
a colorless solid (this compound was provided for the subsequent reaction without further purification). 
1 H-NMR (CDCI3) 8: 1.53 (brs, 1H), 1.63-1.76 (m, 1H), 1.86-2.01 (m, 1H), 1.92 (s, 3H), 2.58-2.71 (m, 1H), 3.01-3.10 
(m, 1H), 3.26 (brs, 1H), 3.55 (s, 3H), 3.72-3.82 (m, 2H), 4.84-5.00 (m, 1H), 6.49 (d, J=8.4Hz, 1H), 7.51 (s, 1H), 7.53 
(dd, J=B.8,2.8Hz, 1H). 
MS (ESI) m/z, 309 (M + +CH 3 CN) 

(Step 3) Methyl 4-(N-tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)-3-methylbenzoate 



[0376] Methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)-3-methylbenzoate (2.04 g, 7.63 mmol) and di-tert-butyl dicar- 
bonate (2,00 g, 9.16 mmol) were dissolved in acetonitrile (50 ml). At room temperature, 1 .0M-NaOH (9.16 ml, 9.1 6 ml) 
was added and the mixture was stirred for 30 minutes. The reaction mixture was poured in 1 .ON-HCI (20 ml), followed 
by extraction with ethyl acetate. The extract was dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent. The crude crystals thus obtained were recrystallized from ethyl acetate-hexane, where- 
by methyl 4-(N-tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)-3-methylbenzoate (2.43 g, 86%) was ob- 
tained as a colorless crystalline powder. 
MS (ESI) m/z t 368 (M++H). 
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[0378] In ethanol-acetic acid (1 0:1 , 1 6.5 ml), methyl 4-(N-tert-butoxycaroonyl-(4S)-fluoro-(2S)-pyrrolidlnylmethoxy)- 
3-methylbenzoate (2.26 g, 6.17 mmol) and 5%-rhodium-alumina were subjected to catalytic hydrogenatlon at room 
temperature under stirring in a hydrogen gas stream of 5 atm. The catalyst was filtered off and from the filtrate, the 
solvent was distilled off under reduced pressure. The residue thus obtained was purified by chromatography on a silica 
gel column, whereby from hexane-ethyl acetate (4:1) eluate fractions, methyl 4-(N-tert-butoxycarbonyl-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)-3-methylcyclohexanecartDoxylate (2.22 g, 96%) was obtained as a colorless oil. The 
resulting methyl 4-(N-tert-butoxycaroonyl-(4S)4luoro-(2S)-pyrrolidinylmethoxy)-3-methylcyclohexanecarboxylate 
(2.22 g, 5.94 mmol) was dissolved in methylene chloride (30 ml). Trifluoroacetic acid (1 0 ml) was added and the mixture 
was stirred at room temperature for 30 minutes. A saturated aqueous solution of sodium bicarbonate was added to 
the residue, which had been obtained by distilling off the solvent under reduced pressure, to neutralize it, followed by 
extraction with a chloroform-methanol (about 1 0:1 ). The extract was then dried over anhydrous sodium sulfate and the 
solvent was distilled off under reduced pressure, whereby methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)-3-methylcy- 
clohexanecarboxylate (1.58 g, 98%), a mixture of diasteromers, was obtained as a colorless oil (this compound was 
provided for the subsequent reaction without further purification). 

1 H-NMR (CDCI 3 ), mixture of diastereomers, 8: 0.97-1 .00 (m, 3H), 1 .23-1 .33 (m, 1 H), 1 .54-1 .69 (m, 5H), 1 .80-1 .94 (m, 
1H), 2.05-2.22 (m, 3H), 2.28-2.35 (m, 1 H), 2.78-2.91 (m, 1H), 3.24-3.37 (m, 4H), 3.59-3.69 (m, 1H), 3.65 and 3.66 (s, 
total 3H), 5.10-5.26 (m, 1H). 

(Step 5) Synthesis of methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)-3-methylcyclohexanecarboxylate 



[0380] At room temperature, DMF (10 ml) and EDC-HCI (169 mg, 0.88 mmol) were added to methyl 4-((4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)-3-methylcyclohexanecarboxylate (219 mg, 0.59 mmo), 2-(2-methylphenylamino)- 
6-benzoxazolylacetic acid (182 mg, 0.65 mmol), HOBt (8.0 mg, 0.06 mmol) and DMAP (7.2 mg, 0.06 mmol). The 
mixture was stirred overnight at room temperature. The reaction mixture was poured in water (30 ml), followed by 
extraction with ethyl acetate. The extract was washed with saturated brine (three times), dried over anhydrous sodium 
sulfate and distilled under reduced pressure to remove the solvent. The residue thus obtained was purified by chro- 
matography on a silica gel column, whereby from hexane-ethyl acetate (1 :5) eluate fractions, methyl 4-(1 -(2-(2-methyl- 
phenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)-3-methylcyclohexanecarboxylate (344 mg, 
quant.), a mixture of two diastereomers, was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI3), mixture of diastereomers and rotamers, 6: 0.94-1.03 (m, 3H), 1 .18-2.55 (series of m, 12H), 2.36 (s, 
3H), 3.18-4.52 (series of m, 7H), 3.54-3.68 (m, 3H), 5.15-5.31 (m, 1H), 7.05-7.40 (series of m, 7H), 8.05 (d, J=8.4Hz, 
1H). 

MS (ESI) m/z, 538 (M + +H). 
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(Step 6) Synthesis of 4-(1-(2-(2-methylphenylamino)-6-be^ 
3-methylcyclohexanecarboxylic acid 

[0381] 



10 




15 [0382] Methyl 4-(1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S) -f luoro-(2S)-pyiTolidinylmethoxy)-3-meth- 
ylcyclohexanecarboxylate (329 mg, 0.61 mmol) was dissolved in methanol-THF (1 5:2, 1 7 ml). To the resulting solution 
was added 0.25M-NaOH (4.90 ml, 1 .22 mmol) and the mixture was stirred overnight at room temperature. The reaction 
mixture was poured in 1N-HCI (10 ml), followed by extraction with a chloroform -methanol (10:1, v/v) mixture. The 
extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure 

20 to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl 
acetate (1 :4) eluate fractions, 4-(1 -(2-(2-methylphenylamino)-6-benzoxazoly!acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmeth- 
oxy)-3-methylcyclohexanecarboxylic acid (259 mg, 81%), a mixture of diasteromers, was obtained as a colorless oil. 
1 H-NMR (CDCI 3 ), mixture of diastereomers and rotamers, 5: 0.95-1.03 (m, 3H), 1.24-2.55 (series of m, 12H), 2.34, 
2.35 and 2.36 (s, total 3H), 3.16-4.40 (series of m, 7H), 5.10-5.30 (m, 1H), 7.06-7.85 (series of m, 8H). 

25 MS (ESI) m/z, 524 (M + +H). 

Example 24 

4-(1-(2-(2-Chlorophenylamino)-6-benzoxazolylacet 
30 acid, Isomer A and Isomer B 

(Step 1) Synthesis of methyl 4-(1-(2-(2-chlorophenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

35 [0383] 



_ F 



45 [0384] In DMF (1 0 ml), a mixture of 2-(2-chlorophenylamino)-6-benzoxazolylacetic acid (605 mg, 2.0 mmol), methyl 
4-((4S)-f luoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (51 9 mg, 2.0 mmol, a mixture of cis and trans forms), 
EDC-HCI (575 mg, 3.0 mmol), HOBt (405 mg, 3.0 mmol) and triethylamine (1 .39 ml, 10.0 mmol) was stirred at room 
temperature for 1 6 hours. The reaction mixture was poured in ice water (30 ml), followed by extraction with ethyl acetate. 
The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure 

50 to remove the solvent. The residue was purified by chromatography on a silica gel column (silica gel: 50 g), whereby 
from chloroform/acetone (10/1) eluate fractions, the title compound (770 mg, 71%), a mixture of diasteromers, was 
obtained as a brown oil (this compound was provided for the subsequent reaction without further purification). 
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(Step 2) Synthesis of 4-(1-(2-(2-chlorophenylamino)-6-benzox 
cyclohexanecarboxylic acid, Isomer A and Isomer B 

[0385] 

5 



[0386] Methyl 4-(1-(2-(2-chlorophenylamino)-6-benzoxazolylacetyl)-^ 

15 anecarboxylate (770 mg, 1 .42 mmol), a mixture of diasteromers, was dissolved in THF (20 ml). After addition of 0.25N 
NaOH (20 ml), the resulting mixture was stirred at room temperature for 18 hours. The reaction mixture was then 
concentrated under reduced pressure. The concentrate was acidified with 1 N HCI, followed by extraction with a chlo- 
roform/methanol (10/1) mixture. The extract was washed with saturated brine, dried over anhydrous sodium sulfate 
and distilled under reduced pressure to remove the solvent. From the residue, two diasteromers were separated and 

20 purified by HPLC (C 18 , 30 x 300 mm, 0.02M sodium acetate buffer/ acetonitri I e (1/1), 20 mt/min). Their fractions were 
distilled under reduced pressure to remove the solvent. After the residue was acidified with 1 N HCI, extraction was 
performed with a chloroform/methanol (1 0/1) mixture. The extracts were washed with saturated brine, dried over an- 
hydrous sodium sulfate and distilled under reduced pressure to remove the solvent, whereby Isomer A (161 mg, 21%) 
was obtained as a pale brown amorphous substance, while Isomer B (631 mg, 71%) was obtained as a pale brown 

25 amorphous substance. 
Isomer A: 

IR (KBr) 3406, 2937, 2862, 1724, 1703, 1637, 1587, 1572, 1533 cnr 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 0.82-1.41 (m, 4H), 1.83-2.20 (m, 6H), 3.16-4.32 (m, 9H), 5.22-5.43 (m, 1H), 706 (t, J=9.3Hz, 
1H), 7.18 (t, J=7.0Hz, 1H), 7.32 (m, 2H), 7.41 (t, J=8.0Hz, 1H), 8.67 (m, 1H). 
30 MS (ESI) m/z, 530 (M++1 ) , 532 (M++3) . 
Isomer B: 

IR (KBr) 3404, 2939, 1868, 1720, 1701, 1637, 1597 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.44-1.72 (m, 7H), 2.12-2.36 (m, 3H), 3.14 (t, J=9.3Hz, 1H), 3.37-4.42 (m, 8H), 5.24-5.44 (m, 
1 H), 7.06 (t, J=9.3Hz, 1 H), 7.18 (t, J=7.3Hz, 1 H), 7.29 and 7.31 (each s, total 1 H, amide isomers), 7.32 and 7.33 (each 
35 s , total 1H, amide isomers), 7.41 (t, J=7.6Hz, 1H), 7.52 (d, J=8.3Hz, 1H), 8.08 (d, J=8.0Hz, 1H). 
MS (ESI), m/z 530 (M++1), 532 (M++3). 

Example 25 

40 4- (1 - (2-(2-Bromophenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic 
acid, Isomer A and Isomer B: 

(Step 1) Synthesis of ethyl 2-(2-bromophenylamino)-6-benzoxazolylacetate 
45 [0387] 



50 




CO t Et 



[0388] Methyl 3-hydroxy-4-aminophenylacetate (2.97 g, 1 6.4 mmol) was dissolved in methanol (30 ml). Understirring 
55 at room temperature, 2-bromophenyl isothiocyanate (2.65 ml, 19.7 mmol) was added to the resulting solution. The 
reaction mixture was then stirred at room temperature for 1 .5 hours. Mercuric oxide (yellow) (3.55 g, 16.4 mmol) was 
added to the reaction mixture, followed by heating and refluxing for 50 minutes. After cooling the reaction mixture to 
room temperature, the insoluble matter was filtered off through Celite under reduced pressure. The filtrate was distilled 
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under reduced pressure to remove the solvent. The residue was then purified by chromatography on a silica gel column, 
whereby from hexane-ethyl acetate (4:1) eluate fractions, ethyl 2-(2-bromophenylamino)-6-benzoxazo!ylacetate (3.87 
g, 66%) was obtained as a colorless solid. 

1 H-NMR (CDCI 3 ) 8: 371 (s, 3H), 3.73 (d, J=1 6.8Hz, 2H), 6.94-6.98 (m, 1H), 7.15 (d, J=8.0Hz, 1H), 7.32 (s, 1H), 
5 7.38-7.43 (m, 1H), 7.46 (d, J=8.4Hz, 1H), 7.53 (brs, 1H). 7.55-7.58 (m, 1H), 8.52 (dd, J=8.4,1.2Hz, 1H). 
MS (ESI) m/z 361 (M+), 363 (M++2). 

(Step 2) Synthesis of 2-(2-bromophenylamino)-6-benzoxazoIylacetic acid 
10 [0389] 



15 




[0390] Ethyl 2-(2-bromophenylamino)-6«benzoxazolylacetate (3.82 g, 10.6 mmol) was dissolved in THF-methanol 
20 (1 ;1 , 40 ml). To the resulting solution, 1 .0M-NaOH (52.0 ml, 52.0 mmol) was added, followed by stirring at room tem- 
perature for 1 .5 hours. To the residue, which had been obtained by distilling off the solvent under reduced pressure, 
was acidified with 1.0N-HCI. The crystals thus obtained were collected by filtration under reduced pressure, washed 
with water and dried overnight under reduced pressure at 60°C, whereby 2-(2-bromophenylamino)-6-benzoxazoly- 
I acetic acid (3.40 g, 93%) was obtained as a white crystalline powder. 
25 1 H-NMR (DMSO-d 6 ) 8: 3.71 (s, 2H), 7.16 (d, J=8.0Hz, 2H), 7.21 (t, J=8.0Hz, 1H), 7.36 (d, J=8.0Hz, 1H), 7.50 (s, 1H), 
7.52 (t, J=7.6Hz, 1H), 7.77 (d, J=8.0Hz, 1H), 8.01 (d, J=7.6Hz, 1H). 
MS (ESI) m/z, 347 (M + ) , 349 (M++2). 

(Step 3) Synthesis of methyl 4-(1 -(2-(2-bromophenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
30 pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0391] 




[0392] Methyl 4-((4S)-f luoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (267 mg, 1 .03 mmol) , 2-(2-bromophe- 
45 ny1amino)-6-benzoxazolylacetic acid (357 mg, 1 .03 mmol) and HOBt (14.0 mg, 0.10 mmol) were dissolved in DMF (1 0 
ml). EDC-HCI (217 mg, 1 .13 mmol) was added to the resulting solution and the mixture was stirred overnight at room 
temperature. The reaction mixture was poured in water (20 ml), followed by extraction with ethyl acetate. The extract 
was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate 
so (1 :5) eluate fractions, methyl 4-(1-(2-(2-bromophenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmeth- 
oxy)cyclohexanecarboxylate (580 mg, 96%), a mixture of two diasteromers, was obtained as a colorless amorphous 
substance. 

1 H-NMR (CDCI 3 ), mixture of diasteromers and rotamars, 5: 1 .24-2.54 (series of m, 11 H), 3.20-4.42 (series of m, 8H), 
3.64-3.69 (m, 3H), 5.1 5-5.35 (m, 1 H), 6.95 (t, J=7.8Hz, 1 H), 7.1 2 (t, J=8.1 Hz, 1 H), 7.31 -7.57 (m, 3H), 7.95 (d, J=9.0Hz, 
55 1H), 8.52 (d, J=8.3Hz, 2H). 

MS (ESI) m/z, 588 (M + ) , 590 (M + +2). 
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(Step 4) Synthesis of 4-(1 -(2-(2-bromophenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyirolidinylme 
cyclohexanecarboxylic acid, Isomer A and Isomer B 

[0393] 



10 




15 

[0394] Methyl 4- (1 -(2-(2-bromophenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohex- 
anecarboxylate (562 mg, 0.96 mmol), a mixture of two diasteromers, was dissolved in methanol-THF (15:2, 17 ml). To 
the resulting solution was added 0.25M-NaOH (7.64 ml, 1.191 mmol) and the mixture was stirred overnight at room 
temperature. The reaction mixture was poured in 1N-HCI (10 ml), followed by extraction with a chloroform-methanol 

20 mixture. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
ethyl acetate eluate fractions, 4-(1-(2-(2-bromophenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmeth- 
oxyjcyclohexanecarboxyiic acid (345 mg, 63%), a mixture of two diasteromers, was obtained as a colorless amorphous 
substance. The mixture of two diastereomers was separable by HPLC (Shimpack PRC-ODS-30 mm x 250 mm, 

25 acetonitrile : 0.02N-sodium acetate buffer = 1 :1 , 20 ml/min) so that Isomer A (polar fraction) and Isomer B (less polar 
fraction) were obtained, each as a colorless amorphous substance. 
Isomer A; 

1 H-NMR (CDCI 3 ), mixture of rotamars, 8: 1 .23-1 .35 (m, 2H), 1 .43-1 .53 (m, 2H), 2.01-2.48 (series of m, 6H), 3.28-3.53 
(series of m, 2H), 3.63-3.92 (series of m, 6H), 4.01 (d, J=15.2Hz, 1H), 4.22-4.42 (m, 1H), 5.17-5.33 (m, 1H), 6.98 (t, 
30 J=7.6Hz, 1H), 7.12-7.14 (m, 1H), 7.27 (s, 1H), 7.34 (d, J=6.8Hz, 1H), 7.40-7.47 (m, 2H), 7.58 (d, J=8.0Hz, 1H), 8.47 
(d, J=8.4Hz, 1H). 

MS (ESI) m/z 574 (M + ), 576 (M + +2). 
Isomer B; 

1 H-NNR (CDCI 3 ), mixture of rotamars, 5: 1.26-1.55 (m, 2H), 1.67-1.75 (m, 2H), 1.81-1.93 (m, 4H), 2.00-2.53 (series 
35 of m, 3H), 3.34-4.09 (series of m, 7H), 4.22-4.43 (series of m, 1H), 5.17-5.32 (m, 1H), 6.95-6.99 (m, 1H), 7.13 (t, 
J=8.0Hz, 1H), 7.26 (s, 1H), 7.34 (d, J=11.6Hz, 1H), 7.39-7.46 (m, 2H), 7.58 (d, J=8.0Hz, 1H), 8.47 (t, J=6.8Hz, 1H). 
MS (ESI) m/z, 574 (M + ) , 576 (M + +2). 

Example 26 

40 

4- (1-(7-Fluoro-2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid, Isomer A and Isomer B: 

(Step 1) Synthesis of methyl 4-(1-(7-fluoro-2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
45 pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0395] 



55 




[0396] In DMF (5 ml), a mixture of 7-fluoro-2-(2-methylphenylamino)-6-benzoxazolylacetic acid (240 mg, 0.8 mmol), 
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methyl 4-((4S)-fluoro-(2S)-pyrroIidinylmethoxy)cyclohexanecarboxylate (207 mg, 0.8 mmol, a mixture of cis and trans 
forms), EDC-HCI (230 mg, 1.2 mmol), HOBt (162 mg, 1.2 mmol) and triethylamine (0.56 ml, 4.0 mmol) was stirred at 
room temperature for 22 hours. The reaction mixture was poured in ice water (30 ml) and the mixture was extracted 
with ethyl acetate. The extract was washed with ice water and saturated brine, dried over anhydrous sodium sulfate 
s and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column (silica gel: 40 g), whereby from chloroform/acetone (10/1) eluate fractions, the title compound (710 mg, 
100%), a mixture of two diastereomers, was obtained as a colorless amorphous substance (this compound was pro- 
vided for the subsequent reaction without further purification). 

10 (Step 2) Synthesis of 4-(1 -(7-fluoro-2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid, Isomer A and Isomer B 

[0397] 

15 



F 



20 




25 [0398] To a solution of methyl 4-(1 -(7-fluoro-2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-f luoro-(2S)-pyrro- 
lidinylmethoxy)cyclohexanecarboxylate (710 mg, 0.80 mmol) in THF (40 ml) was added 0.25N NaOH (40 ml). The 
resulting mixture was stirred at room temperature for 1 6 hours. The reaction mixture was concentrated under reduced 
pressure. The residue was acidified with 1N HCI, followed by extraction with a chloroform/methanol (10/1) mixture. 
The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure 

30 to remove the solvent. From the residue, two diasteromers were separated and purified by HPLC (C 1B , 30 x 300 mm, 
0.02 M sodium acetate buffer/acetonitrile (1/1), 20 ml/min). Their fractions were distilled under reduced pressure to 
remove the solvent. The residue was acidified with 1N HCI, followed by extraction with a chloroform/methanol (10/1) 
mixture. The extracts were washed with saturated brine, dried over anhydrous sodium sulfate and distilled under re- 
duced pressure to remove the solvent, whereby the title compound (Isomer A) (68 mg, 1 6% (2 steps)) was obtained 

35 as a colorless solid, while the title compound (Isomer B) (206 mg, 49% (2 steps), including 5% of Isomer A) was 
obtained as a colorless solid. 
Isomer A: 

IR (ATR) 2937, 2864, 2330, 1637, 1579 cnrr 1 ; 

1 H-NMR (DMSO-d 6 ) 6: 0.86 (t, J=5.4Hz, 1 H), 1 .1 7-1 .40 (m, 5H), 1 .85-2.22 (m, 6H), 2.30 (s, 3H), 3.19 (t, J=8.3Hz, 1 H), 
40 3.38-4.37 (m, 6H), 5.25-5.47 (m, 1H), 6.99-7.13 (m, 3H), 7.25 (d, J=6.8Hz, 2H), 7.80 (d, J=8.6Hz, 1H), 9.87 (br, 1H), 
12.05 (br, 1H). 
MS (ESI), m/z528(M++1). 
Isomer B: 

IR (ATR) 2939, 2870, 1722, 1699, 1639, 1579, 1454 cm' 1 ; 
45 1H-NMR (DMSO-d 6 )6: 0.86 (s, 1H), 1.18 (s, 1H), 1.24 (s, 1H), 1.40-1.82 (m, 6H), 1.91 and 1.99 (each s, total 1H, 
amide isomers), 2.10-2.29 (m, 2H), 2.37 (s, 3H), 3.17 (t, J=7.6Hz, 1H), 3.44-4.50 (m, 6H), 5.33 and 5.41 (each d, 
J=54.8 and 53.6Hz respectively, total 1H, amide isomers), 7.04 (m, 1H), 7.11 (s, 2H), 7.25 (s, 3H), 7.80 (d, J=7.3Hz, 
1H), 9.88 (br, 1H), 12.01 (br, 1H). 
MS (ESI),m/z 528 (M + +1). 

50 



55 
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Example 27 



10 



15 



20 



25 



30 



35 



40 



45 



50 



4-((2S, 4S)-4-Ruoro-1 - (2-(2-methylphenylamino)-6-benzoxazofyte acid: 

(Step 1) Synthesis of methyl 4-((2S, 4S)-4-fluoro-1-(2-(2-methylphenylamino)-6-benzoxa2olylacetyl)- 
2-pyrrolidinylmethoxy)-n-butyrate 



[0400] In DMF (4 ml), 2-(2-methylphenylamino)-6-benzoxazolyl-n-acetic acid (282 mg, 1 .0 mmol), methyl 4-((4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)-n-butyrate (219 mg, 1.0 mmol), EDC-HCI (288 mg, 1.5 mmol), HOBT (203 mg, 1.5 
mmol) and triethylamine (5.0 ml, 0.70 mmol) were stirred at room temperature for 23 hours. The reaction mixture was 
poured in ice water, followed by extraction with ethyl acetate. The extract was washed with ice water and saturated 
brine. The organic layer was dried over anhydrous sodium sulfate and then, distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column (silica gel: 50g, chloroform/ acetone 
(10/1)), followed by further separation and purification by thin-layer silica gel column chromatography (TLC) (chloro- 
form/acetone (10/1)), whereby the title compound (378 mg, 78%) was obtained as a yellow oil. 
1 H-NMR (CDCI 3 ) 6: 1.22 (t, J=6.9Hz, 2H), 1.88-2.30 (m, 3H) , 2.35 (s, 3H), 2.37-2.45 (m, 3H), 3.28-4.00 (m, 9H), 
4.12-4.48 (m, 1 H), 7.07 (m, 2H), 7.22 (d, J=7.3Hz, 1 H), 7.29-7.32 (m, 3H), 7.38 (dd, J=8. 1 ,4.9Hz, 1 H), 8.05 (d, J=8.1 Hz, 
1H). 

MS (ESI) m/z 484 (M + +1). 

(Step 2) Synthesis of 4-((2S,4S)-4-fluoro-1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-2-pyrrolidinylmethoxy)-n- 
butyric acid 



[0402] Methyl 4-((2S,4S)-4-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-2-pyrrolidinylmethoxy)-n-bu- 
tyrate (378 mg, 0.782 mmol) was dissolved in THF (20 ml). To the resulting solution was added 0.25N NaOH (20 ml) 
and the mixture was stirred at 50° C for 1 8 hours. The reaction mixture was concentrated under reduced pressure. The 
residue was acidified with 1 N HCI, followed by extraction with a chloroform/methanol (10/1) mixture. The extract was 
washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the 
solvent. The residue was then purified by thin-layer silica gel column chromatography (TLC), whereby from chloroform/ 
methanol (10/1) eluate fractions, 4-((2S,4S)-4-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-2-pyrrolidi- 
nylmethoxy)-n-butyric acid (99 mg, 27%) was obtained as a yellow oil. Ethanol (3 ml) and 1N NaOH (211 uJ, 0.211 
mmol) were added to the resulting 4-((2S,4S)-4-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-2-pyrrolidi- 
nylmethoxy)-n-butyric acid (99 mg, 0.211 mmol) under stirring to dissolve the latter in the former. The resulting solution 
was concentrated to dryness. Ether was added to crystallize the residue, whereby sodium 4-((2S, 4S)-4-fluoro- 
1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-2-pyrrolidinylmethoxy)-n-butyrate (81 mg) was obtained as a solid. 
Sodium salt IR (KBr) 3410, 3251 , 2964, 2870, 1641 , 1574, 1439 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.68-2.30 (m, 5H), 2.24 (s, 3H), 2.42 (m, 2H), 3.30-4.00 (m, 7H), 4.26 and 4.40 (q and m, 
J=6.8Hz respectively, total 1 H, amide isomers), 5.21 (dd, J=53.6,3.9Hz, 1 H), 7.07 (d, J=6.6Hz, 2H), 7.14-7.26 (m, 4H), 



[0399] 





93 



EP 1 346 982 A1 



7.30 (d, J=7.6Hz, 1H), 7.72 (m, 1H). 
MS (ESI) m/z 470 (M + +1); 

Anal. Calcd for C25H27FN3O5.Na.3H2O: C, 55.04; H, 6.10; N, 7.70. 
Found: C, 55.26; H, 5.95; N, 7.38. 

5 

Example 28 

5-((2S,4S)-4-Fluoro-1-(2-(2-methylphenylamino)-6-benzox^ acid: 
10 (Step 1 ) Synthesis of methyl 3-(1 -tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)propionate 
[0403] 



15 



20 



35 



40 



boc 



[0404] Sodium hydride (60% in oil, 365 mg, 9.12 mmol) was suspended in THF (20 ml). Under stirring at -50°C, a 
solution of (2S,4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-prolinol (1.00 g, 4,56 mmol) in THF (15 ml) was added to the 
resulting suspension and the mixture was stirred at the same temperature for 5 minutes. To the reaction mixture was 
added methyl acrylate (0.95 ml, 1 0.5 mmol) at the same temperature. The reaction mixture was stirred for 15 minutes 

25 at the same temperature, followed by stirring for further 14 hours at -40°C. The reaction mixture was acidified with 
acetic acid (1 ml). After addition of water (20 ml), the mixture was extracted with ethyl acetate. The extract was washed 
with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. 
The residue was purified by chromatography on a silica gel column (silica gel: 50 g), whereby from hexane/ethyl acetate 
(2/1) eluate fractions, the title compound (670 mg, 48%) was obtained as a colorless oil. 

30 1 H-NMR (CDCI3) 5: 1 .47 (s, 9H), 1 .98-2.1 5 (m, 1 H), 2.36 (dd, J=20.5,5.6Hz, 1 H), 2.58 (t, J=6.6Hz, 1 H), 3.35 (t, J=9.0Hz, 
1H), 3.48-3.80 (m, 7H), 3.94-4.17 (m, 1H), 5.19 (d, J=53.1Hz, 1H). 
MS (ESI) m/z 306 (M++1). 



(Step 2) Synthesis of methyl 3-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)propionate 
[0405] 



H 



45 [0406] In methylene chloride (20 ml), trifluoroacetic acid (1 0 ml) was added to methyl 3-(1 -tert-butoxycarbonyl-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)propionate (670 mg, 2.19 mmol) and the mixture was stirred at room temperature for 
7 hours. The reaction mixture was concentrated under reduced pressure. Under ice cooling, the residue was basified 
with 1N NaOH, followed by extraction with methylene chloride. The extract was washed with saturated brine, dried 
over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent, whereby the title compound 

50 (480 mg, 1 00%) was obtained as a yellow oil (this compound was provided for the subsequent reaction without further 
purification). 

1 H-NNR (CDCI3) 8: 1.79 (m, 1H), 2.02 (br, 1H), 2.04-2.21 (m, 1H), 2.60 (t, J=6.3Hz, 2H), 2.90 (m, 1H), 3.31 (m, 1H) , 
3.49 (dd, J=9.5, 6.6Hz, 1H), 3.56 (dd, J=9.5, 4.6Hz, 1H), 3.69 (s, 3H), 3.75 (dt, J=6.6,2.2Hz, 2H), 5.18 (dt, J=54.8, 
3.7Hz, 1H). 
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(Step 3) Synthesis of 3-((2S,4S)-1-(tert-butoxycarbo^ acid 
[0407] 

5 

F 

boc 

10 

[0408] Methyl 3-((2S,4S)-1 -(tert-butoxycarbonyl)-4-f luoro-2-pyrrolidinylmethoxy)propionate (2.84 g, 9.30 mmol) was 
dissolved in THF (40 ml). To the resulting solution was added 0.25N NaOH (40 ml) and the mixture was stirred at room 
temperature for 19 hours. The solvent was distilled off under reduced pressure. After the residue was acidified with 
15 in HCI, extraction was conducted with ethyl acetate. The extract was washed with ice water and brine, dried over 
anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent, whereby the title compound 
(2.48 g, 92%) was obtained as a colorless oil (this compound was provided for the subsequent reaction without further 
purification). 

20 (Step 4) Synthesis of 3-((2S,4S)-1 -(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)propanol 
[0409] 



\ 

N 

i 

boc 

30 



[0410] In THF (100 ml) was dissolved 3-((2S,4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)propionic 
acid (2.48 g, 8.51 mmol). At room temperature, a 10.0M borane-dimethyl sulfide solution (2.79 ml, 27.9 mmol) was 
added and the mixture was stirred at room temperature for 3.5 hours and then, at 60°C for 30 minutes. After cooling 

35 to room temperature, the reaction mixture was poured in ice water (1 00 ml), followed by extraction with ethyl acetate. 
The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column (silica gel: 50 g), whereby 
from chloroform/methanol (20/1) eluate fractions, the title compound (2.84 g, 100%) was obtained as a colorless oil. 
1 H-NMR (CDCI 3 ) 5: 1 .47 (s, 9H), 1 .64-1 .73 (m, 1 H), 1 .83 (br, 2H), 2.00-2.41 (m, 2H), 3.37 (t, J=9.1 Hz, 1 H), 3.50-4.23 

40 (m, 7H), 5.11 (d, J=53.1Hz, 1H). 
MS (ESI), m/z278(M + +1). 



(Step 5) Synthesis of 3-((2S,4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)propionaldehyde 



45 [0411] 



N 

boc 



55 [041 2] In methylene chloride (43 ml) were dissolved 3-((2S,4S)-1 -(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmeth- 
oxy)propanoi (2.84 g, 9.30 mmol), triethylamine (7.78 ml, 55.8 mmol) and DMSO (6.61 ml, 93.7 mmol). Under stirring 
at 0°C, a pyridine - sulfur trioxide complex (4.44 g, 27.9 mmol) was added dropwise to the resulting solution. After 
completion of the dropwise addition, the reaction mixture was stirred at room temperature for 2 hours. Water (50 ml) 



95 
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was added to the residue obtained by distilling off the solvent under reduced pressure, followed by extraction with ethyl 
acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column (silica gel: 50 g), 
whereby hexane/ethyl acetate (4/1 ) eluate fractions, the title compound (1 .35 g, 53%) was obtained as a colorless oil. 
5 1 H-NMR (CDCI 3 ) 8: 1.47 (s, 9H), 1.95-2.16 (m, 1H) , 2.34 (t, J=17.1Hz, 1H), 2.65 (br, 2H), 3.36 (t, J=9.8Hz, 1H), 
3.46-4.1 9 (m, 6H), 5.20 (d, J=53.7Hz, 1 H), 9.79 (s, 1 H). 
MS (ESI),m/z278(M + +1). 

(Step 6) Synthesis of methyl (E)-5-((2S,4S)-1 •(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)-2-pentenoate 

10 

[0413] 



15 




C0 2 Me 



20 

[0414] Trimethyl phosphonoacetate (0.95 ml, 5.88 mmol) was dissolved inTHF (40 ml). Under a nitrogen gas stream, 
sodium hydride (60% in oil, 235 mg, 5.88 mmol) was added in portions to the resulting solution, while stirring at 0°C. 
After stirring the reaction mixture at the same temperature for 1 0 minutes, a solution of 3-((2S,4S)-1 -(tert-butoxycarb- 
onyl)-4-fluoro-2-pyrrolidinylmethoxy)propionaldehyde (1 .35 g, 4.90 mmol) in THF (40 ml) was added dropwise at 0°C. 
25 The reaction mixture was further stirred for 2 hours at 0°C and poured in ice water (50 ml), followed by extraction with 
ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column (silica 
gel: 50 g), whereby from chloroform/acetone (10/1) eluate fractions, the title compound (1 .40 g, 86%) was obtained 
as a colorless oil. 

30 1H-NMR (CDCI3) 5: 1.47 (s, 9H), 2.02-2.221 (m, 1H), 2.30-2.58 (m, 3H), 3.34 (t, J=10.0Hz, 1H), 3.45-3.71 (m, 7H), 
3.73 (s, 3H), 5.21 (d, J=55.3Hz, 1H), 5.89 (d, J=15.9Hz, 1H), 6.95 (dt, J=15.9,7.1 Hz, 1H). 

(Step 7) Synthesis methyl 5-((2S,4S)-1 -(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)pentanoate 

35 [0415] 



40 




C0 2 Me 



1 



boc 

[0416] Methyl 5-((2S,4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)-2-pentenoate (1.40 g, 4.22 mmol) 
45 and 5% palladium/carbon (wet.) (700 mg) were suspended in methanol (50 ml). Under stirring at room temperature, 
the resulting suspension was subjected to catalytic hydrogenation at normal pressure for 20 hours. The catalyst was 
filtered off and the filtrate was distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column (silica gel: 20 g), whereby from hexane/ethyl acetate (4/1 ) eluate fractions, the 
title compound (1 .09 g, 78%) was obtained as a colorless oil. 
50 1 H-NMR (CDCI3) 8: 1 .47 (s, 9H), 1 .61 -1 .74 (m, 3H), 1 .98-2.1 8 (m, 2H), 2.31 -2.42 (m, 3H), 3.31 (dt, J=7.9, 1 .5Hz, 1 H), 
3.40-3.66 (m, 4H), 3.67 (s, 3H), 3.73 (m, 1H), 4.09 (br, 1H), 5.20 (d, J=52.7Hz, 1H). 



55 
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(Step 8) Synthesis of methyl 5-((2S, 4S)-4-fluoro-2-pyrrolidinylmethoxy)pentanoate 
[0417] 




[0418] Methyl 5-((2S,4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-pyrroljclinylmethoxy)pentanoate (1.09 g t 3.27 mmol) 
was dissolved in methylene chloride (50 ml). At room temperature, trifluoroacetic acid (1 0 ml) was added to the resulting 
solution. The mixture was stirred at the same temperature for3.5 hours. The residue obtained by distilling off the solvent 

15 under reduced pressure was diluted with methylene chloride (50 ml). The solution was basified with 1N NaOH, followed 
by extraction with methylene chloride. The extract was washed with saturated brine, dried over anhydrous sodium 
sulfate and distilled under reduced pressure to remove the solvent, whereby the title compound (590 mg, 77%) was 
obtained as a yellow oil (this compound was provided for the subsequent reaction without further purification). 
1 H-NMR (CDCI 3 ) 6: 1.59-1.96 (m, 5H), 2.15 (m, 1H), 2.34 (t, J=7.1Hz, 2H), 2.86 (ddd, J=35.7, 13.2, 3.9Hz, 1H), 

20 3.27-3.35 (m, 2H), 3.42-3.53 (m, 4H), 3.67 (s, 3H), 5.1 8 (m, 1 H). 
MS (ESI), m/z234 (M++1). 



(Step 9) Synthesis of methyl 5-((2S,4S)-4-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)- 
2-pyrrolidiny!methoxy)pentanoate 

25 

[0419] 



30 




35 

[0420] In DMF (5 ml), a mixture of 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (357 mg, 1 .26 mmol), methyl 
5-((2S,4S)-4-fluoro-2-pyrrolidinylmethoxy)pentanoate (295 mg, 1 .26 mmol), EDC-HCI (362 mg, 1 .89 mmol), HOBt (255 
mg, 1 .89 mmol) and triethylamine (0.88 ml, 6.30 mmol) was stirred at room temperature for 1 hour. The reaction mixture 
was poured in ice water (50 ml), followed by extraction with ethyl acetate. The extract was washed with ice water and 
40 saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column (silica gel: 70 g), whereby from chloroform/acetone 
(10/1) eluate fractions, the title compound (1 .05 g, 100%) was obtained as a colorless oil. 

1 H-NMR (CDCI3) 5: 1 .55-1 .72 (m, 4H), 1 .98-2.34 (m, 2H), 2.36 (s t 3H), 2.37-2.51 (m ( 1 H), 3.29-3.59 (m, 3H), 3.65 (s, 
3H), 3.66-4.01 (m, 6H), 4.23-4.46 (m, 1H), 5.13-5.33 (m, 1H), 7.06 (t, J=7.1Hz, 2H), 7.21 (d, J=7.3Hz, 1H), 7.24-7.35 
45 (m, 4H), 7.96 (m, 3H). 

MS (ESI), m/z 497 (M + +1). 
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(Step 10) Synthesis of 5-((2S,4S)-4-fluoro-1-((2-(2-methylphenylamino)-6-benzoxazo 
pentanoic acid 

[0421] 



10 




[0422] Methyl 5-((2S,4S)^-fluoro-1-((2-(2-methylphenylam 

15 tanoate (1 .26 mmol) was dissolved in THF (40 ml). After addition of 0.25N NaOH (40 ml), the mixture was stirred at 
room temperature for 14 hours. The reaction mixture was distilled under reduced pressure to remove the solvent. The 
residue was acidified with 1N HCI followed by extraction with a chloroform/methanol (10/1) mixture. The extract was 
washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the 
solvent, whereby 5-((2S,4S)-4-fluoro-1-((2-(2-methylphenylamino)-6-ben2oxa2olylacetyl)-2-pyrrolidinylmethoxy)pen- 

20 tanoic acid (390 mg, 60%) was obtained as a brown oil. Ethanol (10 ml) and 1N NaOH (0.750 ml, 0.750 mmol) were 
added to 5-((2S,4S)-4-fluoro-1 -((2-(2-methyIphenylamino)-6-benzoxazolylacetyl)-2-pyrrolidinylmethoxy)pentanoic ac- 
id (390 mg, 0.750 mmol). After stirring for 15 minutes, ether was added to the residue, which had been obtained by 
distillingoffthesolvent under reduced pressure, to solidify the same, whereby sodium 5-((2S,4S)-4-f!uoro-1 -((2-(2-meth- 
ylphenylamino)-6-benzoxazolylacetyl)-2-pyrrolidinylmethoxy)pentanoate (283 mg) was obtained. 

25 |R (KBr) 3425, 3251 , 2939, 2868, 1643, 1574, 1439 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.01-1.30 (m, 3H), 1.45 (m, 4H), 1.86 (m, 2H), 2.03-2.23 (m, 2H), 2.28 (s, 3H), 3.15-4.43 (m, 
6H), 5.23-5.41 (m, 1H), 6.99 (m, 2H), 7.19 (m, 5H), 7.85 (m, 1H). 
MS (ESI) , m/z 484 (M++1). 

30 Example 29 

Sodium 6-((2S,4S)-4-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-2-pyrrolidinylmethoxy)hexanoate: 
(Step 1) Synthesis of (Z)-4-benzyloxy-1-bromo-2-butene 

35 

[0423] 



[0424] To a solution of (Z)-4-benzyloxy-2-buten-1 -ol (2.0 g, 11 .2 mmol) in methylene chloride (40 ml) were added 
carbon tetrabromide (4.46 g, 13.4 mmol) and triphenylphosphine (3.51 g, 13.4 mmol) at 0°C under stirring in a nitrogen 
45 gas stream. After stirring at room temperature for 1 .5 hours, the reaction mixture was concentrated under reduced 
pressure. The residue was purified by chromatography on a silica gel column (silica gel: 50 g), whereby from hexane/ 
ethyl acetate (4/1) eluate fractions, the title compound (2.76 g, 100%) was obtained as a colorless oil. 
1 H-NMR (CDCI 3 ) 5: 3.98 (d, J=8.3Hz, 2H), 4.15 (d, J=6.1Rz, 2H), 4.53 (s, 2H), 5.77 (m, 1H), 5.90 (m, 1H), 7.28-7.36 
(m, 5H). 

50 
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(Step 2) Synthesis of (Z)-(2S,4S)-2-(4-benzyloxy-2-butenyloxymethyl)-1-(tert-butoxycarbonyl)-4-fluoropy 
[0425] 



F 

N 

i 

10 boc 



[0426] To a solution of (2S,4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethanol (2.46 g, 11.2 mmol) in THF 
(1 00 ml), sodium hydride (60% in oil; 896 mg, 22.4 mmol) was added in portions under stirring at 0°C in a nitrogen gas 

15 stream. After stirring at the same temperature for 20 minutes, a solution of (Z)-4-benzyloxy-1-bromo-2-butene (2.76 
g, 11 .2 mmol) in THF (1 00 ml) was added. The reaction mixture was stirred for 5 minutes. To the reaction mixture was 
added tetra-n-butyl ammonium iodide (100 mg, 0.27 mmol) at 0°C and the mixture was stirred for 15 minutes. The 
reaction mixture was stirred further at room temperature for 19 hours. Water (50 ml) was added while stirring the 
reaction mixture under ice cooling, followed by extraction with ethyl acetate. The extract was washed with saturated 

20 brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column (silica gel: 120 g), whereby from hexane/ethyl acetate (4/1) 
eluate fractions, the title compound (3.30 g, 78%) was obtained as a colorless oil. 

1 H-NMR(CDCI 3 )5: 1.47 (s,9H), 1.98-2.25 (m, 1H), 2.39 (dd, J=20.6,14.9Hz, 1H),3.31 (t, J=9.3Hz, 1H), 3.48-3.81 (m, 
3H). 3.95-4.18 (m, 5H). 4.51 (s, 2H), 5.20 (m, 1H), 5.70-5.84 (m, 2H), 7.27-7.53 (m, 5H). 
25 MS (ESI) m/z 380 (M++1 ). 

(Step 3) Synthesis of 4-((2S l 4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)-1-butanol 

[0427] 



35 




I 

boc 



[0428] In ethanol (200 ml) were suspended (Z)-(2S,4S)-2-(4-benzyloxy-2-butenyloxymethyl)-1-(tert-butoxycarbo- 
40 nyl)-4-fluoropyrrolidine (4.58 g, 12.1 mmol) and 20% palladium hydroxide (4.0 g). The resulting suspension was sub- 
jected to catalytic hydrogenation at room temperature under normal pressure for 14 hours. The catalyst was then 
filtered off and the filtrate was distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column (silica gel: 100 g), whereby from chloroform/acetone (10/1) eluate fractions, 
the title compound (2.42 g, 67%) was obtained as a colorless oil. 
45 1H-NMR (CDCI 3 ) 5: 1.47 (s, 9H), 1.6 (s, 2H), 1 .98-2.23 (m, 2H), 2.38 (m, 1H), 3.36 (dt, J=10.5,1 .7Hz, 1H), 3.52-3.82 
(m, 8H), 4.01 and 4.13 (each br, total 1H, amide isomers), 5.21 (d r J=53.3Hz, 1H). 

(Step 4) Synthesis of 4-((2S,4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)butylaldehyde 

so [0429] 



55 




1 

boc 
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[0430] In methylene chloride (40 ml) were dissolved 4-((2S,4S)-1 -(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmeth- 
oxy)-1-butanol (2.42 g, 8.31 mmol), triethylamine (6.95 ml, 49.9 mmol) and DMSO (5.90 ml, 83.1 mmol). Under stirring 
at 0°C, a pyridine - sulfur trioxide complex (3.97 g, 24.9 mmol) was added. The resulting mixture was stirred for 4 
hours. The reaction mixture was distilled under reduced pressure to remove the solvent. To the residue was added 
5 water (50 ml), followed by extraction with ethyl acetate. The extract was washed with 1 N HCI and saturated brine, dried 
over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column (silica gel: 30 g), whereby from hexane/ethyl acetate (2/1) eluate fractions, 
the title compound (1 .72 g, 72%) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 6: 1.47 (s, 9H), 1.91 (t, J=6.6Hz, 2H), 1.96-2.17 (m, 1H), 2.36 (t, J=15.4Hz, 1H), 2.52 (t, J=7. 1Hz, 
10 2H), 3.32 (t, J=9.8Hz, 1H), 3.49-4.14 (m, 5H), 5.20 (d, J=53.5Hz, 1H), 9.77 (s, 1H). 

(Step 5) Synthesis of methyl (E)-6-((2S,4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)-2-hexenoate 
[0431] 

15 



20 

boc 

[0432] Trimethyl phosphonoacetate (1 .15 ml, 7.13 mmol) was dissolved inTHF (50 ml). Under a nitrogen gas stream, 
25 sodium hydride (60% in oil, 285 mg, 7.13 mmol) was added to the resulting solution in portions under stirring at 0°C. 
After stirring at the same temperature for 20 minutes, a solution of 4-((2S,4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-pyr- 
rolidinyimethoxy)butylaldehyde (1 .72 g, 5.94 mmol) in THF (20 ml) was added dropwise. After completion of the drop- 
wise addition, the reaction mixture was further stirred at the same temperature for 2.5 hours. The reaction mixture was 
poured in ice water (50 ml), followed by extraction with ethyl acetate. The extract was washed with saturated brine, 
30 dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column (silica gel: 100 g), whereby from hexane/ethyl acetate (4/1) eluate 
fractions, the title compound (1 .90 g, 93%) was obtained as a colorless oil. 

1 H-NNR(CDCI 3 )5: 1.47 (s, 9H), 1 .73 (br, 1 H) , 1.99-2.51 (m, 4H), 3.32 (dt, J=1 0.0,1. 7Hz, 1H), 3.41-3.71 (m, 6H),3.73 
(s, 3H), 3.97-4.20 (m, 1H), 5.21 (d, J=53.1Hz, 1H), 5.83 (d, J=15.4Hz, 1H), 6.97 (dt, J=15.4,6.8Hz, 1H). 

35 

(Step 6) Methyl 6-((2S,4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)hexenoate 
[0433] 

40 



45 




[0434] Methyl (E)-6-((2S,4S)-1-(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)-2-hexenoate (1.90 g, 5.50 
mmol) and 5% palladium/carbon (1 .0 g) were suspended in methanol (80 ml). The resulting suspension was subjected 
so to catalytic hydrogenation under normal pressure for 19 hours under stirring at room temperature. The catalyst was 
filtered off and the filtrate was distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column (silica gel: 3 g), whereby from ethyl acetate eluate fractions, the title compound 
(1 .92 g, 100%) was obtained as a colorless oil. 

1 H-NMR (CDCi 3 ) 5: 1.38 (q, J=6.6Hz, 2H), 1.48 (s, 9H), 1.57-1.70 (m, 4H), 1.98-2.18 (m, 1H), 2.31 (t, J=7.3Hz, 3H), 
55 2.39 (dd, J=20.7,15.1Hz, 1H), 3.31 (t, J=8.8Hz, 1H), 3.41-3.60 (m, 3H), 3.67 (s, 3H), 3.68-4.18 (m, 2H), 5.20 (d, 
J=53.0Hz, 1H). 
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(Step 7) Synthesis of methyl 6-((2S,4S)-4-fluoro-2-pyrrolidinylmethoxy)-2-hexanoate 



[0435] 



5 




10 



[0436] Methyl 6-((2S,4S)-1 •(tert-butoxycarbonyl)-4-fluoro-2-pyrrolidinylmethoxy)hexanoate (1 .92 g, 5.50 mmol) was 
dissolved in methylene chloride (1 00 ml). At room temperature, trrfluoroacetic acid (10 ml) was added and the mixture 
was stirred for 1 hour. The reaction mixture was distilled under reduced pressure to remove the solvent. The residue 
is was basified with 1 N NaOH, followed by extraction with methylene chloride. The extract was washed with saturated 
brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent, whereby the 
title compound (1 .15 mg, 85%) was obtained as a pale yellow oil (this compound was provided for the subsequent 
reaction without further purification). 

1 H-NMR (CDCI 3 ) 5: 1 .38-1 .70 (m, 6H), 2.21 -2.30 (m, 1 H), 2.34 (t, J=6.8Hz, 2H), 2.46-2.61 (m, 1 H), 3.50-3.74 (m, 9H), 
20 4.15 (m, 1H), 5.30-5.45 (m, 1H). 
MS (ESI), m/z 248 (M++1). 

(Step 8) Synthesis of methyl 6-((2S,4S)-4-fluoro-1 -(2-(2-methylphenylamino)-6-benzoxazoly!acetyl)- 
2-pyrrolidinylmethoxy)hexanoate 

25 



[0438] In DMF (10 ml), 2-(2-methylpheny1amino)-6-benzoxazolylacetic acid (282 mg, 1.00 mmol), 6-( (25,45)- 
4-fluoro-2-pyrrolidinylmethoxy)hexanoate (247 mg, 1 .00 mmol), EDC-HCI (288 mg, 1 .50 mmol), HOBT (203 mg, 1 .50 
mmol) and triethylamine (0.70 ml, 5.00 mmol) were stirred at room temperature for 22 hours. The reaction mixture was 
poured in ice water (50 ml), followed by extraction with ethyl acetate. The extract was washed with ice water and 
40 saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The 
residue thus obtained was purified by thin-layer silica gel chromatography, followed by separation by using chloroform/ 
acetone (10/1), whereby the title compound (330 mg, 65%) was obtained as a yellow oil. 

1 H-NMR (CDCI3) 5: 1 .35-1 .47 (m, 2H), 1 .53-1 .74 (m, 4H), 1 .90-2.32 (m, 4H), 2.35 (s, 3H), 3.29-3.50 (m, 3H), 3.57-4.48 
(m, 9H), 5.12-5.29 (m, 1H), 7.07 (eft, J=B.3,1.2Hz, 2H), 7.21 (d, J=7.3Hz, 1H), 7.29 (d, J=8.3Hz, 2H), 7.36 (dd, 
45 J=7.8.3.4Hz, 2H), 8.01 (t, J=7.1 Hz, 1 H). 
MS(ESI),m/z512(M + +1). 



[0437] 
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(Step 9) Synthesis of sodium 6-((2S,4S)-4-f!uoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)- 
2-pyrrolidiny!methoxy)hexanoate 

[0439] 

5 



F 



10 




is [0440] Methyl 6-((2S,4S)-4-fluoro-1 -(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-2-pyrrolidinylmethoxy)hex- 
anoate (330 mg, 0.645 mmol) was dissolved in THF (30 ml). At room temperature, 0.25N NaOH (30 ml) was added 
and the mixture was stirred for 24 hours. The reaction mixture was distilled under reduced pressure to remove the 
solvent. 

The residue was acidified with 1N HCI, followed by extraction with a chloroform/methanol (10/1) mixture. The extract 
20 was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove 
the solvent. The residue was purified by thin-layer silica gel chromatography, followed by separation by using chloro- 
form/methanol (20/1), whereby the title compound (238 mg, 74%) was obtained as a yellow oil. Ethanol (10 ml) and 
1 N NaOH (0.478 ml, 0.478 mmol) were added to the resulting carboxylic acid derivative (238 mg, 0.478 mmol). After 
stirring for 1 0 minutes, ether was added to crystallize the residue, which had been obtained by distilling off the solvent 
25 under reduced pressure, whereby sodium 6-((2S ) 4S)-4-fiuoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)- 
2-pyrrolidinylmethoxy)hexanoate (199 mg) was obtained. 
IR (KBr) 3423, 3211, 2937, 2864, 1643, 1574, 1485, 1574 cm' 1 . 

1 H-NMR (DMSO-d 6 ) 5: 1 .36-1 .72 (m, 6H), 1 .92-2.28 (m, 4H), 2.34 (s, 3H), 3.26-4.00 (m, 8H), 4.20-4.43 (m, 1 H), 5.21 
(dt, J=54.0,4.6Hz, 1H), 7.04-7.11 (m, 2H), 7.21-7.34 (m, 5H), 7.76 (t, J=7.3Hz, 1H). 
30 MS(ESI),m/z498(M++1); 

Anal. Calcd forC^H^FNaOg.Na.l.OHsO: C, 60.21; H, 6.36; F, 3.53; N, 7.80. 
Found: C, 60.11 ; H, 6.19; F, 3.28; N, 7.41 . 

Example 30 

35 

4-((4S)-Fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylcarbonyl)-1-piperazinylacetic acid: 

(Step 1) Synthesis of ethyl 4-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)- 
pyrrolidinylcarbonyl)-1-piperazinylacetate 

40 

[0441] 




[0442] Ethyl 4-((4S)-f luoro-(2S)-pyrrolidinylcarbonyl)-1 -pyraziny I acetate (300 mg, 1 .04 mmol) was dissolved in DMF 
(10 ml). At room temperature, 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (294 mg, 1.04 mmol), EDC-HCI 
55 (299 mg, 1 .56 mmol), DMAP (cat.) and HOBt (cat.) were added successively to the resulting solution. The mixture was 
stirred for 15 hours. Saturated brine (100 ml) was added to the reaction mixture, followed by extraction with ethyl 
acetate. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under 
reduced pressure to remove the solvent. The residue thus obtained was purified by chromatography on a silica gel 
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column, whereby from chloroform-methanol (20:1) eluate fractions, the title compound (107 mg, 19%) was obtained 
as a yellow oil. 

(Step 2) Synthesis of 4-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxa2olylacetyl)-(2S)-pyrrolidiny!carbonyl)- 
5 1-piperazinylacetic acid. 

[0443] 




[0444] Ethyl 4-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazoVlacetyl)-(2S)-pyrrolidinylcarbonyl)-1 -piper- 
20 azinylacetate (1 07 mg, 0.1 94 mmol) was dissolved in THF (4 ml). After addition of 0.25N NaOH (1 .6 ml, 0.388 mmol), 
the mixture was stirred at room temperature for 1 5 hours. The reaction mixture was neutralized with 1 N HCI and then 
concentrated under reduced pressure. The residue was purified using an ion exchange resin (HP20) and eluted with 
water and methanol, whereby the title compound (61 mg, 60%) was obtained as a yellow amorphous substance. 
1 H-NMR (DMSO-d 6 ) 8: 1.75-2.61 (series of m, 9H, s, including 3H at 5 2.30), 2.80-4.00 (series of m, 10H), 4.82-6.02 
25 (series of m, 2H), 6.98-7.46 (series of m, 6H), 7.82 : 7.94 (m, 1 H). 
MS (FAB) m/z,524 (M + +1). 

Example 31 

30 1 -((4S)-Fluoro-1 - (2-(2-methylphenylamino)-6-benzoxazolylacetyi)-(2S)-pyrrolidinylcarbonyl)-4-piperidinylacetic acid: 
(Step 1) Synthesis of ethyl 4-piperidinylacetate 
[0445] 



C0 2 Et 

6 



45 [0446] Ethyl 4-(1-(tert-butoxycarbonyl))piperidinylacetate (2.93 g, 10.8 mmol) was dissolved in methylene chloride 
(20 ml). After addition of trifluoroacetic acid (8 ml) at 0°C, the mixture was stirred at room temperature for 3 hours. The 
residue, which had been obtained by distilling the reaction mixture under reduced pressure to remove the solvent, was 
neutralized with a saturated aqueous solution of sodium bicarbonate, followed by extraction with a chloroform-methanol 
(5:1 , v/v) mixture. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate and distilled 

50 under reduced pressure to remove the solvent, whereby ethyl 4-piperidnylacetate (1 .48 g, 80%) was obtained as a 
yellow solid. 

1 H-NMR (CDCI 3 ) 5: 1 .25 (t, J=7.2Hz, 3H) , 1.30 (m, 2H), 1.76 (d, J=1 3.2Hz, 2H), 1.90 (m, 1 H), 2.24 (d, J=7.2Hz, 2H), 
2.63 (dt, J=1 .6,13.1Hz, 1H), 2.85 (br, 1H), 3.16 (d, J=12.4Hz, 2H), 4.13 (q, J=7.5Hz, 2H). 
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(Step 2) Synthesis of ethyl 1-(1-(tert-butoxycartDonyl)-(4S)-fl^ 



[0447] 



5 



10 



W 1 



boc O 



[0448] Ethyl 4-piperidinylacetate (1 .48 g, 8.64 mmol) and 1 -(tert-butoxycariDonyl)-(AS)-fluoro-(2S)-pyrrolldinecarbox- 
yllc acid (2.02 mg, 8.66 mmol) were dissolved In DMF (30 ml). EDC-HCI (2.49 g, 2.61 mmol), HOBt and DMAP were 

15 added to the resulting solution and the mixture was stirred overnight at room temperature. Water (50 ml) was added 
to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from chloroform-methanol (15:1 , v/v) eluate fractions, ethyl 
1-(1-(tert-butoxycarbonyl)-(4S)-fluoro-(2S)-pyiTolidinylcarbonyl)-4-piperidinylacetate (1 .05 g, 32%) was obtained as a 

20 brown oil. 

1 H-NMR (CDCI 3 ) 8: 1.17 (dt, J=4.0,12.0Hz, 1H), 1.26 (t, J=7.2Hz, 3H), 1.47 (s, 9H), 1.70 (s, 2H), 1.75 (m, 2H), 2.03 
(m, 1H), 2.20 (br, 1H) t 2.24 (dd, J=4.4,7.2Hz, 2H), 2.43 (m, 1H), 2.57 (m, 1H), 3.02 (m, 1H), 3.77 (m, 2H), 4.14 (q, 
J=7.2Hz, 2H), 4.60 (d, J=9.6Hz, 1H), 5.20 (d, J=53.9Hz, 1H). 

25 (Step 3) Synthesis of ethyl 1 -((4S)-fluoro-(2S)-pyrrolidinylcarbonyl)-4-piperidinylacetate 



[0450] Ethyl 1 -(1 -(tert-butoxycarbonyl)-(4S)-fluoro-(2S)-pyrrolidinylcarbonyl)-4-piperidinylacetate (1 .05 g, 2.74 
mmol) was dissolved in methylene chloride (10 ml). After addition of trifluoroacetic acid (4 ml) to the resulting solution 
at 0°C, the reaction mixture was stirred at 50°C for 3 hours. The reaction mixture was distilled under reduced pressure 

40 to remove the solvent. The residue was neutralized with a saturated aqueous solution of sodium bicarbonate, followed 
by extraction with a chloroform-methanol (5:1 , v/v) mixture. The extract was washed with saturated brine, dried over 
anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent, whereby ethyl 1-((4S)- 
fluoro-(2S)-pyrrolidinylcarbonyl)-4-piperidinylacetate (768 mg, 100%) was obtained as a yellow oil. 
1 H-NMR (CDCI3) 5: 1 .17 (dt, J=4.0,1 2.0Hz, 1H), 1.26 (t, J=7.2Hz, 3H), 1.79 (m,2H),2.02 (m, 3H), 2.24 (m,2H), 2,38 

45 (m, 1H), 2.66 (series of m, total 1H), 2.78 (ddd, J=2.8,13.6,37.5Hz, 1H), 3.03 (ddd, J=2.4,1 3.6,1 8.8Hz, 1H), 3.77 (m, 
1H), 3.90 (m, 1H), 4.14 (q, J=7.2Hz, 2H), 4.61 (br, 1H), 5.17 (d, J=53.9Hz. 1H). 



[0449] 



30 




35 



50 



55 
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(Step 4) Synthesis of ethyl 1-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazotylacetyl)-(2S)- 
pyrrolidinylcarbonyl)-4-piperidinylacetate 

[0451] 



F 



10 




15 

[0452] In DMF (9 ml) were dissolved 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (350 mg, 1 .24 mmol) and 
ethyl 1-((4S)-fluoro-(2S)-pyrrolidinylcarbonyl)'4-piperidinylacetate (357 mg, 1.24 mmol). EDC-HCI (356 mg, 1.86 
mmol), HOBt and DMAP were added to the resulting solution. The mixture was stirred overnight at room temperature. 
Water (30 ml) was added to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed 

20 with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the 
solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform/methanol (10: 
1 , v/v) eluate fractions, ethyl 1-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylcarbo- 
nyl)-4-piperidiny!acetate (525 mg, 77%) was obtained as a brown oil. 
IR (ATR) 1726, 1637, 1573, 1440 cm* 1 ; 

25 1H-NMR (CDCI 3 ) 6: 1.15 (dt, d=4.0,1 2.0Hz, 1H), 1.26 (m, 3H). 1.78 (m, 2H), 2.03 (m, 1H), 2.29 (m, 3H), 2.35 (s, 3H), 
2.44 (br, 1 H), 2.56 (m, 1 H), 3.02 (m, 1H), 3.79 (series of m, total 3H), 3.95 (m, 1 H), 4.14 (m, 2H), 4.60 (m, 1), 5.01 (m, 
1 H), 5.25 (series of d, J=53.5Hz, total 1 H), 6.88 (br, 1 H), 7.06 (d, J=8.0Hz, 1 H), 7.1 1 (d, J=8.0Hz, 1 H), 7.22 (d, J=8.0Hz, 
1H), 7.30 (t, J=8.0Hz, 2H), 7.39 (m, 2H), 8.08 (d, J=8.0Hz, 1H). 
MS (ESI) m/z 551 (M+H)+ 

30 

(Step 5) Synthesis of 1-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylcarbonyl)- 
4-piperidinylacetic acid 

[0453] 



F 



40 




45 

[0454] Ethyl 1 -((4S)-fluoro-1 - (2-(2-rnethylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylcarbonyl)-4-piperid- 
inylacetate (550 mg, 0.95 mmol) was dissolved in THF (6 ml). To the resulting solution was added 0.25N NaOH (2 eq) 
and the mixture was stirred overnight at room temperature. Water (30 ml) was added to the reaction mixture, followed 
by extraction with a chloroform-methanol (5:1 , v/v) mixture. The extract was washed with 1 N HCI, dried over anhydrous 

50 magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by chroma- 
tography on a silica gel column, whereby from chloroform-methanol (20:1, v/v) eluate fractions, 1-((43)-fluoro- 
1-(2-(2-methylphenyIamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylcarbonyl) -4-piperidinylacetic acid (258 mg, 52%) 
was obtained as a white crystalline powder. 
IR (ATR) 1712, 1639, 1573 cm- 1 ; 

55 1 H-NMR (CDCI3) 6: 1.26 (m, 2H) , 1.80 (m, 2H), 2.04 (m, 1H), 2.29 (m, 3H), 2.35 (s, 3H), 2.44 (br, 1H), 2.61 (m, 1H), 
3.06 (m, 1H), 3.77 (m, total 3H), 3.92 (m, 1H), 4.59 (br, 1H), 5.02 (t, J=8.0Hz, 1H), 5.24 (m, 1H), 7.10 (m, 2H), 7.22 (d, 
J=7.6Hz, 2H), 7.29 (m, 2H), 7.33 (m, 2H), 7.88 (d, J=8.8Hz, 1H). 
MS (ESI) m/z 523 (M+H) + . 
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Example 32 

cis^-((4S)-Fluoro-1-(2-(2-methylphenylamino)-6-benzo 
cyclohexanecarboxytic acid 

5 

(Step 1) Synthesis of methyl cis-4-(1-(tert-butoxycarbonyl)-(4S)-fluoro-(2S)-pyrrolidinylcarbonylamino) 
cyclohexanecarboxylate 

[0455] 

10 

F 

Boc O 

[0456] In acetonitrile-water (1:1, v/v, 60 ml) was dissolved cis-4-aminocyclohexanecarboxyiic acid (1,32 g, 9.22 

20 mmol). To the resulting solution were added di-tert-butyl dicarbonate (2.05 g, 9.39 mmoi) and triethylamine (2.39 ml, 
9.07 mmol) and the mixture was stirred at room temperature for 4 hours. The reaction mixture was concentrated under 
reduced pressure. The residue was acidified with 1 N HCI, followed by extraction with a chloroform-methanol (5:1 , v/ 
v) mixture. The extract was dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove 
the solvent, whereby cis-4-((tert-butoxycarbonyl)amino)cyclohexanecarboxylic acid (2.30 g, 97%) was obtained as a 

25 white crystalline powder. In methanol-benzene (5:1 , v/v, 100 ml) was dissolved cis-4-((tert-butoxycarbonyl)amino)cy- 
clohexanecarboxylic acid (2.30 g, 8.94 mmol). Trim ethyls ilyldiazometh an e (a 2M hexane solution, 9 ml) was added 
dropwise to the resulting solution under stirring at room temperature. After completion of the dropwise addition, the 
reaction mixture was stirred at room temperature for 1 hour. The residue, which had been obtained by distilling the 
reaction mixture under reduced pressure to remove the solvent, was purified by chromatography on a silica gel column, 

30 whereby from hexane-ethyl acetate (3:1 , v/v) eluate fractions, methyl cis-4-((tert-butoxycarbonyl)amino)cyclohexane- 
carboxylate (2.30 g, 100%) was obtained as a colorless oil. The resulting methyl cis-4-((tert-butoxycarbonyl)amino) 
cyclohexanecarboxylate (2.30 g, 8.93 mmol) was dissolved in methylene chloride (1 8 ml). After addition of trifluoroacetic 
acid (7 ml) to the resulting solution at 0°C, the reaction mixture was stirred at room temperature for 1.5 hours. The 
residue, which had been obtained by distilling the reaction mixture under reduced pressure to remove the solvent, was 

35 neutralized with a saturated aqueous solution of sodium bicarbonate, followed by extraction with a chloroform-methanol 
(5:1 , v/v) mixture. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate and distilled 
under reduced pressure to remove the solvent, whereby methyl cis-4-aminocyclohexanecarboxylate (1.39 g, 99%) 
was obtained as a colorless oil. In DMF (40 ml) were dissolved the resulting methyl cis-4-aminocyclohexanecarboxylate 
(1.39 g, 8.87 mmol) and 1-(tert-butoxycarbonyl)-(4S)-fluoro-(2S)-pyrrolidinecarboxylic acid (2.07 g, 8.87 mmol). 

40 EDC-HCi (2.56 g, 13.3 mmol), HOBt (5.0 mg, 0.04 mmol) and DMAP (5.0 mg, 0.04 mmol) were added to the resulting 
solution and the mixture was stirred overnight at room temperature. Saturated brine was poured in the reaction mixture, 
followed by extraction with ethyl acetate. The extract was dried over anhydrous magnesium sulfate and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from chloroform-methanol (20:1 , v/v) eluate fractions, methyl cis-4-(1-(tert-butoxycarbonyl)-(4S)-fluoro-(2S)-pyrrolidi- 

45 nylcarbonylamino)cyclohexanecarboxylate (2.96 g, 90%) was obtained as a pale yellow solid. 

1H-NMR (CDCI 3 ) 8: 1.47 (s, 9H), 1.56 (br, 2H), 1.72 (br, 4H), 1.88 (br, 2H), 2.27 (br, 1H), 2.49 (br, 2H), 2.56 (m, 1H), 
3.68 (s, 3H), 3.78 (br, 1H), 3.95 (br, 1H), 5.13 (d, J=51.6Hz, 1H), 7.72 (br, 1H). 



50 



55 
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(Step 2) Synthesis of methyl cis-4-((4S)-fluoro-(2S)-pyrrolidinylcaroonylamino)cyclohexanecarooxylate 
[0457] 



[0458] Methyl cls-4-(1-(tert-butoxycarbonyl)-(4S)-fluoro-(2S)-pyrrolidinylcarbonylamino)cyclohexa 

(440 mg, 1.18 mmol) was dissolved in methylene chloride (7 ml). Trifluoroacetic acid (3 ml) was added to the resulting 

15 solution at 0°C. The reaction mixture was then stirred at room temperature for 2 hours. From the reaction mixture, the 
solvent was distilled off under reduced pressure. The residue was neutralized with a saturated aqueous solution of 
sodium bicarbonate, followed by extraction with a chloroform-methanol (5:1, v/v) mixture. The extract was washed with 
saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent, 
whereby methyl cis-4-((4S)-fluoro-(2S)-pyrrolidinylcarbonylamino)cyclohexanecarboxylate (270 mg, 84%) was ob- 

20 tained as a colorless oil. 

1 H-NMR (CDCI 3 ) 5: 1.58 (m, 2H), 1.71 (m, 4H), 1.86 (m, 2H), 2.28 (m, 2H), 2.47 (m, 2H), 2.63 (series of dd, 
J=3,6,35.5Hz, total 1 H), 3.31 (series of d, J=35.5Hz, total 1 H), 3.69 (s, 3H), 3.81 (dd, J=2.8,10.4Hz, 1 H), 3.90 (br, 1 H), 
5.16 (d, J=53.1Hz, 1H), 7.72 (br, 1H). 

25 (step 3) Synthesis of methyl cis-4-((4S)-fluoro-1 «(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)- 
pyrrolidinylcarbonylamino)cyclohexanecarboxylate 

[0459] 

30 

F 



35 




40 

[0460] In DMF (5 ml) were dissolved 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (147 mg, 0.52 mmol) and 
methyl cis-4-((4S)-fluoro-(2S)-pyrrolidinylcarbonylamino)cyclohexanecarboxylate (1 42 mg, 0.52 mmol). EDC-HCI (151 
mg, 0.78 mmol), HOBt (5.0 mg, 0.04 mmol) and DMAP (5.0 mg, 0.04 mmol) were added to the resulting solution. The 
mixture was stirred overnight at room temperature. After dilution with ethyl acetate (50 ml), the mixture was washed 

45 with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the 
solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform-methanol (10: 
1 , v/v) eluate fractions, methyl cis-4-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinyl- 
carbonylamino)cyclohexanecarboxylate (299 mg, 100%) was obtained as a brown oil. 
IR (ATR) 1726, 1637, 1531, 1437 cm- 1 ; 

50 1H-NMR (CDCI3) 6: 1.46 (m, 2H), 1.63 (m, 3H) , 1.78 (m, 3H) , 1.78 (m, 1H), 1.90 (m, 2H), 2.39 (s, 3H), 2.49 (m, 1H), 
2.9 (series of m, total 2H), 3.70 (s, 3H), 3.76 (m, 1 H) , 3.82 (m, 1 H), 5.21 (m, 1 H), 7.08 (m, 2H), 7.22 (m, 1 H), 7.28 (m, 
1H), 7.44 (d, J=7.6Hz, 1H), 8.01 (s, 2H), 8.15 (d, J=7.6Hz, 1H). 
MS (ESI) m/z 537 (M+H)+; 

Anal. Calcd for CggH^F^Og.l.SHgO: C, 61.80; H, 6.44; N, 9.94. 
55 Found: C, 62.21 ; H, 6.30; N, 9.02. 
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(Step 4) Synthesis of cis-4-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxa20lylacetyl)-(2S)- 
pyrrolidinylcarbonylamino)cyclohexanecarboxylic acid 

[0461] 

5 



F 



w 




[0462] Methyl cis-4-((4S)-fluoro-1-(2-(2-methylphenyta 

cyclohexanecarboxylate (299 mg, 0.55 mmol) was dissolved in THF (5 ml). To the resulting solution was added 0.25N 
NaOH (2 eq) and the mixture was stirred overnight at room temperature. After dilution with chloroform-methanol (5:1 , 
v/v, 50 ml), the mixture was washed with 1 N HCI, dried over anhydrous magnesium sulfate and distilled under reduced 
20 pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby chloro- 
form-methanol (10:1, v/v) eluate fractions, cis-4-((4S)-fluoro-1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)- 
pyrrolidinylcarbonylamino)cyclohexanecarboxylic acid (248 mg, 86%) was obtained as a white crystalline solid. 
IR (ATR) 1639, 1573, 1428 cm' 1 ; 

1 H-NMR (CDCI 3 ) 8: 1 .24 (br, 2H), 1 .54 (br, 1 H), 1 .66 (br, 4H), 1 .76 (br, 2H), 1 .99 (br, 1 H), 2.1 7 (m, 1 H), 2.31 (s, 3H), 
25 2.44 (br, 1H), 2.83 (series oft, J=1 6.0Hz, total 1H), 3.61-3.82 (series of m, total 4H), 3.86 (br, 2H), 5.24 (d, J=52.4Hz, 
1H), 7.10 (m, 2H), 7.20 (m, 1H), 7.25 (m, 2H), 7.32 (m, 2H), 7.80 (m, 1H). 
MS (ESI) m/z 523 (M+H) + ; 

Anal. Calcd for C 28 H 31 FN40 5 -H 2 0: C, 62.21; H, 6.15; N, 10.36. 
Found: C, 63.06; H, 6.23; N, 9.07. 

30 

Example 33 

4-(1-(2-(2-Methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethylamino)benzoic acid: 
35 (Step 1) Synthesis of N-tert-butoxycarbonyl-(4S)-fluoro-(2S)-prolinal 
[0463] 




[0464] In methylene chloride (50 ml) was dissolved N-tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidinylmethanol 
(1.22 g, 5.57 mmol). Under stirring at room temperature, 1,1 ,1-triacetoxy-1 , 1-dihydro-1,2-benziodoxol-3 (1H) -one 
(Dess-Martin Periodinate, 2.84 g, 6.69 mmol) was added to the resulting solution in portions. After completion of the 

50 addition, the reaction mixture was stirred further for 2 hours at room temperature. The insoluble matter was filtered off 
under reduced pressure and then the filtrate was distilled under reduced pressure to remove the solvent. Ether was 
added to the residue. After filtering off the insoluble matter, the filtrate was distilled under reduced pressure. The above- 
described operation was repeated three times further to filter off the insoluble matter under reduced pressure, whereby 
N-tert-butoxycarbonyl-(4S)-fluoro-(2S)-prolinal (1 .20 g, 99%) was obtained as a brown solid. 

55 1 H-NMR (CDCI3) 8: 1 .63 and 1.68 (s, total 9H), 2.38-2.69 (m, 1H), 3.68-3.84 (m, 1H), 3.95-4.14 (m, 1 H), 4.36-4.51 (m, 
1 H), 5.40 (brd, J=51 .2Hz, 1 H), 9.78 (d, J=1 8.4Hz, 1 H). 
MS (ESI)m/z,218(M++H). 
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(Step 2) Synthesis of methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethylamino)benzoate 
[0465] 

5 



F 



10 




[0466] Methyl 4-aminobenzoate (728 mg, 4.82 mmol), acetic acid (290 ml, 4.82 mmol) and N-tert-butoxycarbo- 
nyl-(4S)-fluoro-(2S)-prolinal (6.97 mg, 3.21 mmol) were dissolved in methanol (15 ml). Under stirring at 0°C, sodium 

'5 cyanoborohydride (95%, 320 mg, 4.82 mmol) was added to the resulting solution. The mixture was stirred overnight 
at room temperature. Water was added to the reaction mixture, followed by extraction with ethyl acetate. The extract 
was dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue thus 
obtained was dissolved in methylene chloride (10 ml). Trifluoroacetic acid (7 ml) was added to the resulting solution 
and the mixture was stirred at room temperature for 30 minutes. The reaction mixture was distilled under reduced 

20 pressure. After addition of a saturated aqueous solution of sodium bicarbonate to the residue, the resulting mixture 
was extracted with chloroform. The extract was dried over anhydrous sodium sulfate and distilled under reduced pres- 
sure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from chlo- 
roform-methanoi (10:1) eluate fractions, methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethylamino)benzoate (458 mg, 57%) 
was obtained as a colorless solid. 

25 1H-NMR (CDCI 3 ) 8: 1.80-1.92 (m, 1H) , 2.15-2.31 (m, 1H) , 2.90-3.03 (m, 1H), 3.18-3.23 (m, 1H), 3.28-3.37 (m, 2H), 
3.45-3.51 (m, 1H), 3.84 (s, 3H), 4.63 (brs, 1H), 5.14-5.30 (m, 1H), 6.57 (d, J=6.8Hz, 2H), 7.85 (d, J=7.2Hz, 2H). 

(Step 3) Synthesis of methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyi)-(4S)-fluoro-(2S)- 
pyrrolidinylmethylamino)benzoate 

30 

[0467] 



35 



40 




C0 5 Me 



[0468] In DMF (10 ml), EDC-HCI (232 mg, 1 .21 mmol) was added to methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethyl- 
amino)benzoate (277 mg, 1.10 mmol), 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (310 mg, 1.10 mmol) and 

45 DMAP (148 mg, 1 .21 mmol) at room temperature. The mixture was stirred overnight at room temperature. Water was 
added to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine 
(three times), dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1 :4) eluate frac- 
tions, methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethylamino)ben- 

50 zoate (580 mg, 1 00%) was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI3) 8: 1.70 (brs, 1H), 2.07-2.23 (m, 2H), 2.37 (s, 3H), 3.24-3.28 (m, 1H), 3.57-3.75 (m, 1H), 3.61-3.85 
(m, 2H), 3.83 (s, 3H), 4.54 (br d, J=6.8Hz, 1H), 5.22-5.40 (m, 2H), 6.61 (d, J=8.8Hz, 2H), 7.03-7.09 (m, 2H), 7.14 (s, 
1 H), 7.22 (d, J=7.2Hz, 1 H), 7.30 (t, J=8.0Hz, 1 H), 7.38 (d, J=8.0Hz, 1 H), 7.85 (d, J=8.8Hz, 2H), 8.05 (d, J=8.0Hz t 1 H). 
MS (ESI) m/z, 517 (M++H). 

55 
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(Step 4) Synthesis of 4-(1-(2-(2-methylphenylamino)-6-benzoxazo^ 
benzoic acid 

[0469] 

5 



F 



10 




[0470] Methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethylamino)ben- 
zoate (568 mg, 1.10 mmol) was dissolved in methanol-THF (1:1, 10 ml). After addition of 1.0M-NaOH (5.50 ml, 5.50 
mmol) at room temperature, the resulting mixture was stirred at 60°C for 3 hours. The reaction mixture was poured in 
1N-HCI (10 ml), followed by extraction with a chloroform-methanol mixture. The extract was dried over anhydrous 
20 sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography 
on a silica gel column, whereby from chloroform-methanol (10:1) eluate fractions, 4-(1-(2-(2-methylphenylamino)- 
6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethylamino)benzoic acid (409 mg, 74%) was obtained as a color- 
less amorphous substance. 

1 H-NMR (DMSO-d 6 ), mixture of rotamars, 5: 2.02-2.26 (m, 2H), 2.29 and 2.30 (s, total 3H), 2.93-2.99 (m, 1 H), 3.58-4.33 
25 (series of m, 6H), 5.38-5.47 (m, 1 H), 6.64-7.83 (series of m, 12H). 
MS (ESI) m/z, 503 (M + +H). 

Example 34 

30 4-(1-(2-(2-Methylphenylamino)-6-benzoxazolylacetyl)-(3R)-pyrrolidinyIoxy)benzoicacid: 

(Step 1) Synthesis of methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(3R)-pyrrolidinyloxy)benzoate 
[0471] 

35 



40 




COOMe 



45 [0472] Methyl 4-(3R-pyrrolidinyl)oxybenzoate (221 mg, 1.0 mmol), 2-(2-methylphenylamino)-6-benzoxazolylacetic 
acid (282 mg, 1 .0 mmol), HOBt (1 35 mg, 1 .0 mmol) and triethylamine (41 7 u.l, 3.0 mmol) were dissolved in methylene 
chloride (15 ml). At 0°C, EDC(HCI (288 mg, 1 .5 mmol) was added and the mixture was stirred at room temperature 
for 1 6 hours. Ice water (20 ml) was added to the reaction mixture, followed by extraction with ethyl acetate. The extract 
was washed successively with a saturated aqueous solution of sodium bicarbonate, a 2M aqueous solution of citric 

50 acid and a saturated aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from hexane-ethyl acetate (1 :5, v/v) eluate fractions, the title compound (320 mg, 66%) was obtained as a colorless oil. 
1H-NMR (CDCI 3 ) 6: 2.20-2.40 (m, 5H), 3.60-4.00 (m, 6H), 4.95-5.05 (m, 1H), 6.80-7.41 (m, 9H), 7.94-8.09 (m, 3H). 
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(Step 2) Synthesis of 4-(1*(2-(2-methylphenylamino)-6-benzoxa2olylacetyl)-(3R)-pyrrolidinyl)benzoic acid 
[0473] 

5 



10 




COOH 



15 [0474] Methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(3R)-pyrrolidinyloxy)ben2oate (320 mg, 0.65 
mmol) was dissolved in THF (5.0 ml) and methanol (3.0 ml). After addition of 1N NaOH (1.0 ml, 1.0 mmol) at room 
temperature, the reaction mixture was stirred for 1 8 hours at 70°C. From the reaction mixture, the solvent was distilled 
off under reduced pressure. The residue was acidified weakly with water (5 ml) and 1 N HCI. The resulting crystals 
were collected by filtration under reduced pressure, washed with water and then dried under reduced pressure, whereby 

20 the title compound (240 mg, 77%) was obtained as a white crystalline solid. 

1 H-NMR (DMSO-d 6 ) 8: 2.01-2.20 (m, 2H) , 2.30 (s, 3H) , 3.55-3.90 (m, 6H), 5.11-5.20 (m, 1H), 7.01-7.09 (m, 4H), 
7.23-7.32 (m, 4H), 7.81-7.89 (m, 3H). 
MS (FAB) m/z 472 (M+H)+ ; 

Anal. Calcd for C2 7 H 25 N 3 O 5 .0. 5H 2 0: C, 67.49; H, 5.45; N, 8.74. 
25 Found: C, 67.33; H, 5.35; N, 8.57. 

Example 35 

4-(N-(3-Propinyl)-(2-(2-methylphenylamino)-6-benzoxazolylacetamido)methyl)cinnamic acid: 

30 

(Step 1 ) Synthesis of methyl 4-(N-(3-propinyl)-(2-(2-methylphenylamino)-6-benzoxazolylacetamido)methyl)cinnamate 
[0475] 

35 



40 




[0476] EDC-HCI (183 mg, 0.96 mmol) was added to a solution, in DMF (6 ml), of 2-(2-methylphenylamino)-6-ben- 
45 zoxazolylacetic acid (1 80 mg, 0.64 mmol), methyl 4-(N-(3-propinyl)aminomethyl)cinnamate (1 46 mg, 0.64 mmol), HOBt 
(17.0 mg, 0.13 mmol) and triethylamine (0.13 ml_, 0.96 mmol). The resulting mixture was stirred overnight at room 
temperature. Water (20 ml) was added to the reaction mixture, followed by extraction with ethyl acetate. The extract 
was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from ethyl acetate eluate 
so fractions, the title compound (31 3 mg, 99%) was obtained as a red amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 2.23, 2,33 (each s, total 1 H), 2.38 (s, 3H), 3.82 (s, 3H), 3.83, 3.96 (each s, total 2H), 4.27 (s, 2H), 
4.72, 4.74 (each s, total 2H), 6.44 (m, 1H), 6.95-7.56 (m, 10H), 7.68 (m, 1H), 8.08 (m, 1H). 
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(Step 2) Synthesis of 4-(N-(3-Propinyl)-(2-(2-methylphenylamino)-6-benzoxazolylacetamido)methyl)cinnam acid: 
[0477] 

5 



10 




[0478] Under stirring at room temperature, 0.25N NaOH (4.70 mL, 1 .17 mmol) was added to a solution of methyl 
is 4-(N-(3-propionyl)-(2-(2-methylphenylamino)-6-benzoxazolylacetamido)methyl)cinnamate (313 mg, 0.63 mmol) in 

THF (8 mL). The reaction mixture was then stirred at 70°C for 2 hours. Under stirring at 0°C, the reaction mixture was 

poured in 1N HCI (5 ml). The crystals thus obtained were collected by filtration, washed with water and dried under 

reduced pressure, whereby the title compound (609 mg, 82%) was obtained as a pale yellow solid. IR (KBr) 3353, 

3288,2960,2127,2119, 1687, 1629, 1600, 1533, 1454, 1417cm' 1 ; 
20 1H-NMR (DMSO-d 6 ) 8: 2.1 7 (s, 1H), 2.30 (s, 3H), 3.80, 3.92 (each s, total 2H), 4.12, 4.23 (each s, total 2H), 4.61 , 4.76 

(each s, total 2H), 6.50 (m, 1H), 7.00 (d, J=8.1Hz, 1H), 7.08 (d, J=7.6Hz, 2H), 7.23-7.29 (m, 6H), 7.52-7.67 (m, 3H), 

7.81 (m, 1 H), 9.64 (broad s, 1 H). 

ESI-MS512 (M++1); 

Anal. Calcd for 03^29^05-0.75^0: C, 68.62; H, 5.85; N, 8.00. 
25 Found: C, 68.76; H, 6.18; N, 7.16. 

Example 36 

4-(1 -(3-Chloro-4- (1 -indolinylcarbonylamino)phenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
30 cyclohexanecarboxylic acid: 

(Step 1) Synthesis of ethyl 3-chloro-4-(1-indolinylcarbonylamino)phenylacetate 

[0479] 

35 



40 




45 [0480] In methylene chloride (50 ml), triphosgene (926 mg, 3.12 mmol) and then pyridine (5 ml) were added to ethyl 
4-amino-3-chlorophenylacetate (2.00 g, 9.36 mmol) under stirring at 0°C. After stirring at the same temperature for 1 5 
minutes, indoline (1.05 ml, 9.36 mmol) was added. The reaction mixture was further stirred for 15 minutes at room 
temperature. Water (50 ml) was added to the reaction mixture, followed by extraction with ethyl acetate (300 ml). The 
extract was washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure 

50 to remove the solvent, whereby ethyl 3-chloro-4-(1 -indolinylcarbonylamino)pheny!acetate (3.07 g, 91 %) was obtained 
as a pale pink crystalline powder. 

1 H-NMR (CDCl 3 ) 5: 1 .25 (t, J=7.3Hz, 3H), 3.20-3.26 (m ( 2H), 3.54 (d, J=2.7Hz, 2H), 4.08-4.18 (m, 4H), 6.93-6.98 (m, 
1H), 7.09-7.31 (m, 5H), 7.94 (d, J=8.1Hz 1H), 8.28 (d, J=8.1 1H); 
MS (ESI) m/z 359 (M++1). 
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(Step 2) Synthesis of 3-chloro-4-(1-indoliny!carbonylamino)phenylacetic acid 
[0481] 




[0482] To ethyl 3-ch!oro-4-(1-indolinylcaroonylamino)phenylacetate (3.07 g, 8.56 mmol) were added 0.25N NaOH 
(68.4 ml, 17.1 mmol) and THF (70 ml). The mixture was heated and refluxed for 4 hours. After cooling, the reaction 
mixture was poured in 1 N hydrochloric acid (50 ml). The crystals thus precipitated were collected by filtration, and dried 
under reduced pressure for 12 hours, whereby 3-chloro-4-(1-indolinylcarbonylamino)phenylacetic acid (1 .71 g, 60%) 
was obtained as a colorless crystalline powder. 

1 H-NMR (DMSO-d 6 ) 6: 3.19 (t, J=8.8Hz, 2H), 3.61 (s, 2H), 4.13 (t, J=8.8Hz, 2H), 6.90 (t, J=7.3Hz, 1H), 7.11 (t, J=7.8Hz, 
1H), 7.19-7.23 (m, 2H), 7.41 (d, J=2.0Hz, 1H), 7.54-7.58 (m, 1H), 7.82 (d, J=8.3Hz, 1H), 8.21 (s, 1H); 
MS (ESI)m/z331 (M++1). 

(Step 3) Synthesis of methyl 4-(1-(3-chloro-4-(1-indolinylcarbonyIamino)phenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyc!ohexanecarboxylate 

[0483] 



F 




[0484] In DMF (10 ml), methyl ((4S)-fluoro-(2S)-pyrroIidinylmethoxy)cyclohexanecarboxylate (the compound syn- 
thesized in (Step 3) of Example 21) (143 mg, 0.55 mmol), 3-chloro-4-(1-indolinylcarbonylamino)phenylacetic acid (182 
mg, 0.55 mmol), EDC-HCI (116 mg, 0.61 mmol) and HOBt (15 mg, 0.11 mmol) were stirred overnight at room temper- 
ature. Water (20 ml) was poured in the reaction mixture, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine. The residue was purified by thin-layer column chromatography while using hexane/ethyl 
acetate (1/10) as a developing solvent, whereby methyl 4-(1-(3-chloro-4-(1-indolinylcarbonylamino))phenylacetyl) 
-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (259 mg, 82%) was obtained as a colorless amorphous 
substance. 

1 H-NMR (CDCI 3 ), mixture of amide isomers, 6: 1 .21-1 .32 (m, 2H), 1 .40-1 .53 (m, 2H), 1 .98-2.51 (series of m, 8H), 3.27 
(t, J=8.4Hz, 2H), 3.22-3.34 (m, 2H), 3.50-4.01 (series of m, 4H), 3.66 and 3.67 (s, total 3H), 4.14 (t, J=8.8Hz, 2H), 
4.10-4.38 (m, 1H), 5.16-5.33 (m, 1H), 6.98 (t, J=7.6Hz, 1H), 7.12-7.24 (series of m, 4H), 7.34 (br s t 1H), 7.95 (d, 
J=8.0Hz, 1H), 8.27 (t, J=8.4Hz, 1H); 
MS (ESI)m/z572 (M + +1). 
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(Step 4) Synthesis of 4-(1 -(3-chloro-4-(1 -indolinylcart3onylamino)phenylacetyI)-(4S)4luoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid 

[0485] 



F 



CI 



[0486] To methyl 4-(1 -(3-chloro-4-(1 -indolinylcarbonylamino)phenylacetyl)-(4S)-f luoro-(2S)-pyrrolidinylmethoxy)cy- 
clohexanecarboxylate (224 mg, 0.39 mmol) were added 0.5N NaOH (4.7 ml), methanol (5 ml) and THF (5 ml). The 

20 mixture was stirred overnight at room temperature. The reaction mixture was poured in 1 N hydrochloric acid (1 0 ml), 
followed by extraction with chloroform-methanol (10:1). The extract was dried over anhydrous sodium sulfate and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from chloroform/methanol (10/1) eluate fractions, the title compound (221 mg, 100%) was obtained 
as a colorless amorphous substance. 

25 1 H-NMR (CDCI 3 ) mixture of amide isomers, 5: 1 .21 -1 .33 (m, 2H), 1 .42-1 .54 (m, 2H) , 2.00-2.50 (series of m, 8H), 3.26 
(t, J=8.8Hz, 2H), 3.24-3.36 (m, 2H), 3.48-4.00 (series of m, 4H), 4.14 (t, J=8.8Hz, 2H), 4.16-4.37 (m, 1H), 5.17-5.32 
(m, 1H), 6.97 (t, J=7.6Hz, 1H), 7.11-7.24 (series of m, 4H), 7.33 (s, 1H), 7.93 (d, J=8.0Hz, 1H), 8.25 (t, J=9.2Hz, 1H); 
MS (ESI) m/z 558 (M++1). 

30 Example 37 

4-(1-(2-(2-Chlorophenyl)amino-7-fluoro-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

35 (Step 1 ) Synthesis of methyl 2-(2-chlorophenyl)amino-7-fluoro-6-benzoxazolylacetate 

[0487] 




[0488] In methanol (50 ml) was dissolved 4-amino-2-fluoro-3-hydroxyphenylacetic acid (2.52 g, 12.7 mmol). At room 
50 temperature, 2-chlorophenyl isothiocyanate (1 .99 ml, 1 2.7 mmol) was added to the resulting solution. After the resulting 
mixture was stirred at room temperature for 2.5 hours, mercuric oxide (yellow) (3.29 g, 15.2 mmol) was added thereto. 
The mixture was stirred further for 1 4 hours at 70°C. The reaction mixture was allowed to cool down to room temper- 
ature. The insoluble matter was filtered off through Celite under reduced pressure, followed by washing with methanol. 
From the filtrate, the solvent was distilled off under reduced pressure. The residue was purified by chromatography on 
55 a silica gel column (silica gel: 1 00 g, chloroform/ethyl acetate (30/1 )), whereby from eluate fractions, methyl 2-(2-chlo- 
rophenyl)amino-7-fluoro-6-benzoxazolylacetate (2.12 g, 50%) was obtained as a pale pink solid. 
1H-NMR (CDCI3) S: 3.73 (s, 3H), 3.77 (s, 2H), 7.05 (tt, J=7.3,1.0Hz, 1H), 7.12 (t, J=7.1Hz, 1H), 7.28 (s, 1H), 7.38 (dt, 
J=7.3,0.7Hz, 1H), 7.42 (d, J=8.0Hz, 1H), 7.60 (br, 1H), 8.53 (d, J=8.3Hz, 1H); 
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MS (ESI) m/z 335(M + +1), 337 (M++3). 



(Step 2) Synthesis of 2-(2-ch!orophenyl)amino-7-fluoro-6-benzoxazoly!acetic acid 



[0489] 




[0490] Methyl 2-(2-chlorophenyl)amino-7-fluoro-6-benzoxazolylacetate (2.12 g, 6.33 mmol) was dissolved in THF/ 
methanol (2:1 , 90 ml). To the resulting solution was added 1N NaOH (30 ml) and the mixture was stirred at room 
temperature for 3.5 hours. The solvent was distilled off under reduced pressure. The residue was acidified with 1N 
hydrochloric acid. The crystals thus precipitated were collected by filtration , washed with water and dried under reduced 
pressure, whereby 2-(2-chlorophenyl)amino-7-fluoro-6-benzoxazolylacetic acid (1 .83 g, 90%) was obtained as a color- 
less solid. 

1 H-NMR (DMSO-d e ) 5: 3.71 (s, 2H). 7.12-7.19 (m, 3H), 7.23 (dt, J=7.6,1.7Hz, 1H), 7.43 (dt, J=7.6,1.5Hz, 1H), 7.55 
(dd, J=8.1, 1.5Hz, 1H),8.04 (d ( J=8.3Hz, 1H), 12.27 (br, 1H). 

(Step 3) Synthesis of methyl 4-(1 -(2-(2-chlorophenyl)amino-7-fluoro-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate: 



[0492] IN DMF (4 ml), methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound syn- 
thesized in Step 3 of Example 21) (210 mg, 0.81 mmol), 2-(2-chlorophenyl)amino-7-fluoro-6-benzoxazolylacetic acid 
(260 mg, 0.81 mmol), EDC-HCI (233 mg, 1.22 mmol), HOBT (165 mg, 1.22 mmol) and triethylamine (0.56 ml, 4.05 
mmol) were stirred at room temperature for 15 hours. The reaction mixture was poured in ice water (30 ml), followed 
by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column (silica gel: 50 g, chloroform/acetone (20/1 )), whereby from eluate fractions, methyl 4-(1 -(2-(2-chlorophenyl) 
amino-7-fluoro-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (420 mg, 92%) 
was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 1.17-1 .54 (m, 5H), 1 .92-2.53 (m, 7H), 3.28 (m, 1 H), 3.35 and 3.54 (each m, total 1 H, amide isomers), 
3.64 and 3.67 (each s, total 3H, amide isomers), 3.70 (s, 1H), 3.72-4.04 (m, 3H), 4.31 and 4.38 (each m, total 1H, 
amide isomers), 5.26 and 5.30 (each m, total 1H, amide isomers), 7.04 (t, J=7.8Hz, 1H), 7.13 (q, J=8.8Hz, 1H), 7.26 
(t, J=7.3Hz, 1 H), 7.37 (d, J=8.0Hz, 1 H), 7.41 (d, J=7.8Hz, 1 H), 7.62 (s, 1 H). 8.52 (d, J=8.3Hz, 1 H); 
MS (ESI) m/z 562 (M + +1), 564 (M + +3). 



[0491] 



CI 




0-< >-C0 2 Me 
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(Step 4) Synthesis of 4-(1-(2-(2-chlorophenyl)amino-7-fluoro-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidjnylmethoxy)cyclohexanecarboxylic acid 

[0493] 




[0494] In THF/methanol (2:1, 15 m!) and 1N NaOH (5ml), methyl 4-(1-(2-(2-chlorophenyl)amino-7-fluoro-6-benzox- 
azolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecart)oxylate (420 mg, 0.747 mmol) was stirred at room 
temperature for 17 hours. The solvent was distilled off under reduced pressure. The residue was acidified with 1N 
hydrochloric acid. The crystals thus obtained were collected by filtration under reduced pressure, washed with water 
and dried under reduced pressure, whereby the title compound (336 mg, 82%) was obtained as a pale brown solid. 
IR (ATR) 3199, 2935, 2863, 1703, 1636, 1593, 1574, 1448 cm' 1 . 

1 H-NMR (DMSO-d 6 ) 5: 1.13-1.43 (m, 5H), 1.76-2.24 (m, 7H), 3.20 (t, J=8.8Hz, 2H), 3.59-4.41 (m, 5H), 5.24-5.49 (m, 
1 H), 7.02-7.1 0 (m, 1 H), 7.1 6 (d, J=8.1 Hz, 1 H), 7.22 (t, J=7.6Hz, 1 H), 7.43 (t, J=7.6Hz, 1 H), 7.54 (d, J=7.8Hz, 1 H), 8.04 
(d, J=8.1Hz, 1H); 

MS (ESI) m/z 548 (M + +1), 550 (M++3); 

Anal. Calcd for C 2 7H2 8 CIF 2 N 3 O 5 .0.5H 2 O: C, 58.22; H, 5.25; N, 7.57; CI, 6.37; F, 6.82. 
Found: C, 58.44; H, 5.17; N, 7.45; CI, 6.55; F, 6.64. 



Example 38 



4- (1- (3-Chloro-4-(3-indolylcarbonylamino^ 
acid: 

(Step 1) Synthesis of methyl 4-(1-(3-Chloro-4-(3-indolylcarbonylamino)phenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxyjcyclohexanecarboxylate 

[0495] 




[0496] EDC-HCI (1 68 mg, 0.87 mmol) was added to a solution of 3-chloro-4-(3-indolylcarbonylamino)phenylacetic 
acid (240 mg, 0.67 mmol), methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound syn- 
thesized in (Step 3) of Example 21 ) (1 74 mg, 0.67 mmol), HOBt (1 8.0 mg, 0.13 mmol) and DMAP (1 6.0 mg, 0.1 3 mmol) 
in DMF (5.0 ml_), followed by stirring at room temperature for 4 hours. Water (10 m!_) was added to the reaction mixture. 
The precipitate was collected by filtration, washed with Et 20 and dried under reduced pressure, whereby methyl 
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4-(1-(3-chloro-4-(3-indolylcarbonylamino)phenylacetylM^ 
(320 mg, 84%) was obtained as a colorless solid. 

1 H-NMR (DMSO-de) 8: 1.15-1.28 (m,2H), 1.32-1.44 (m,2H), 1.87-2.07 (m, 4H), 2.10-2.33 (m, 3H), 3.21 (m, 1H),3,30 
and 3.45 (each m, total 1 H), 3.57 (s, 3H), 3.60-3.93 (m, 5H), 4.1 5 and 4.33 (each m, total 1 H), 5.31 and 5.38 (each m, 
5 total 1H), 7.12-7.21 (m, 3H), 7.37 and 7.39 (each d, J=1.4Hz, total 1H), 7.46 (d, J=7.8Hz, 1H), 7.65 and 7.66 (each d, 
J=8.3Hz, total 1 H), 8.1 3 (d, J=7.8Hz, 1 H), 8.28 (s, 1 H), 9.28 (s, 1 H), 11 .73 (broad s, 1 H); 
MS (ESI) m/z 570 (M + +1), 572 (M++3). 

(Step 2) Synthesis of 4-(1-(3K:hloro-4-(3-indolylcarbonylamino)phenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylrnethoxy) 
10 cyclohexanecarboxylic acid 

[0497] 



15 



20 



25 




[0498] To a suspension of methyl 4-(1 -(3-chloro-4-(3-indolylcarbonylamino)phenylacetyl)-(4S)-fluoro-(2S)-pyrrolidi- 
30 nylmethoxy)cyclohexanecarboxylate (320 mg, 0.56 mmol) in THF (14 mL) was added 0.25N NaOH (8.20 ml_, 2.05 
mmol). The mixture was stirred at room temperature for 5 hours. The reaction mixture was poured in 1N HCI under 
ice cooling. The crystals thus precipitated were collected by filtration, washed with water and dried under reduced 
pressure, whereby the title compound (295 mg, 88%) was obtained as a colorless solid. 
IR (ATR) v 3423, 3210, 2940, 2863, 1697, 1627, 1513, 1432 cm' 1 ; 
35 1H-NMR (DMSO-d 6 ) 8: 1.15-1 .28 (m, 2H), 1 .32-1 .44 (m, 2H), 1 .87-2.07 (m, 4H), 2.10-2.33 (m, 3H), 3.21 (m, 1 H), 3.30 
and 3.45 (each m, total 1 H), 3.57 (s, 3H), 3.60-3.93 (m, 5H), 4.15 and 4.33 (each m, total 1H), 5.31 and 5.38 (each m, 
total 1H), 7.12-7.21 (m, 3H), 7.37 and 7.39 (each d, J=1.4Hz, total 1H), 7.46 (d, J=7.8Hz, 1H), 7.65 and 7.66 (each d, 
J=8.3Hz, total 1H), 8.13 (d, J=7.8Hz, 1H), 8.28 (s, 1H), 9.28 (s, 1H), 11,73 (broads, 1H); 
MS (ESI) m/z 556 (M++1), 558 (M++3); 
40 Anal. Calcd for C 29 H 31 CIFN 3 0 5 .H 2 0: C, 60.68; H, 5.79; N, 7.32. 
Found: C, 60.90; H, 5.29; N, 7.32. 



45 



50 
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Example 39 

4-(1-(3-Chloro-4-(1-methyl-3-indoly!cart)ony^ 
cyclohexanecarboxyiic acid: 

(Step 1) Synthesis of ethyl 3-chloro-4-(1-methyl-3-indolylcarbonylamino)phenylacetate 
[0499] 



15 




C0 2 Et 



20 [0500] EDC-HCI (1 .44 g, 7.49 mmol) was added to a solution of 1 -methylindole-3-carboxylic acid (1 .01 g, 5.71 mmol), 
ethyl 4-amino-3-chlorophenylacetate (1.22 g p 5.71 mmol), HOBt (0.86 g, 6.34 mmol) and DMAP (0.14 g, 1.15 mmol) 
in DMF (20 mL), followed by stirring at 70°C for 1 8 hours. After cooling to room temperature, water (30 mL) was added 
to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified 

25 by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1 :1 , v/v) el u ate fractions, ethyl 3-chloro- 
4-(1-methyl-3-indolylcarbonylamino)phenyl acetate (639 mg, 30%) was obtained as a yellow solid. 
1 H-NMR (CDCI 3 ) 8: 1 .27 (t, J=7.1 Hz, 3H), 3.58 (s, 2H), 3.89 (s, 3H), 4.1 7 (q, J=7.1 Hz, 2H), 7.24 (dd, J=8.3,2.0Hz, 1 H), 
7.32-7.43 (m, 4H), 7.81 (s, 1 H), 8.1 6 (m, 1 H), 8.28 (broad s, 1 H), 8.59 (d, J=8.3Hz, 1 H); 
MS (ESI) m/z 371 (M + +1), 373 (M + +3). 

30 

(Step 2) Synthesis of 3-chloro-4-(1-methyl-3-indolylcarbonylamino)phenylacetic acid 
[0501] 



40 




Me 

[0502] To a solution of ethyl 3-chloro-4-(1 -methyl-3-indotylcaroonylamino)phenylacetate (639 mg, 1 .72 mmol) in THF 
(17.5 mL) was added 0.25N NaOH (10.3 mL, 2.58 mmol). The resulting mixture was stirred at room temperature for 4 
hours. Under ice cooling, the reaction mixture was poured in 1N HCI (15 ml). The crystals thus precipitated were 
collected by filtration, washed with water and dried under reduced pressure, whereby 3-chloro-4-(1-methyl-3-indolyl- 
carbonylamino)phenylacetic acid (549 mg, 93%) was obtained as a colorless solid. 
50 1H-NMR (DMSO-d 6 ) 5: 3.61 (s, 2H), 3.89 (s, 3H), 7.17-7,28 (m, 3H) t 7.43 (d, J=1.7Hz, 1H), 7.53 (d, J=8.3Hz, 1H), 7.69 
(d, J=8.3Hz, 1H), 8.14 (d, J=7.8Hz, 1H), 8.26 (s, 1H), 9.26 (s, 1H). 
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(Step 3) Synthesis of methyl 4-(1-(3K:h!oro-4-(1-methyl-3-indoly!carbonylamino)phenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxyIate 

[0503] 



F 




[0504] After addition of EDC-HCI (60.0 mg, 0.31 mmol) to a solution of 3-chloro-4-(1-methyl-3-indolylcaroonylamino) 
phenylacetic acid (82.0 mg, 0.24 mmol), methyl ((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the 
compound synthesized in (Step 3) of Example 21) (62.0 mg, 0.24 mmol), HOBt (6.0 mg, 0.05 mmol) and DMAP (6.0 
mg, 0.05 mmol) in DMF (2.0 ml_), the mixture was stirred at room temperature for 6 hours. The reaction mixture was 
poured in water (10 ml_), followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl 4-(1 -(3-chloro-4-(1 -me- 
thyl-3-indolylcaroonylamino)phenylacetyl)-(4S)4luoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (115 mg, 
82%) was obtained as a pale yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 1.21-1.32 (m, 2H), 1.40-1.53 (m, 2H), 1.97-2.50 (m, 7H), 3.26 (m, 1H), 3.33 and 3.50 (each m, 
total 1 H), 3.57-4.01 (m, 11 H (3.64 and 3.66 (each s, total 3H), 3.88 (s, 3H)), 4.21 and 4.38 (each m, total 1 H), 5.24 (m, 
1H), 7.18 (m, 1H), 7.31-7.42 (m, 4H), 7.79 (s, 1H), 8.14 (m, 1H), 8.26 (broad s, 1H), 8.57 (d, J=8.3Hz, 1H); 
MS (ESI) m/z 584 (M + +1), 586 (M + +3). 

(Step 4) Synthesis of 4-(1-(3-chloro-4-(1-methyi-3Hndolylcarbonylamino)phenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0505] 



F 




[0506] After addition of 0.25N NaOH (1 .50 mL, 0.38 mmol) to a solution of methyl 4-(1-(3-chloro-4-(1-methyl-3-in- 
dolylcaifcony1amino)phenylacetyl)-(4S^ (115 mg, 0.20 mmol) 

in THF (2.5 mL), the mixture was stirred at room temperature for 5 hours. Under ice cooling, the reaction mixture was 
poured in 1N HCI (3.0 mL). The crystals thus precipitated were collected by filtration, washed with water and dried 
under reduced pressure, whereby the title compound (94 mg, 88%) was obtained as a colorless solid. 
IR (ATR) 2938, 2863, 1724, 1646, 1577, 1511 , 1465 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.19-1 .39 (m, 4H), 1 .90-2.11 (m, 4H), 2.14-2.27 (m, 3H), 3.20 (m, 1 H), 3.43-3.87 (m, 6H), 3.89 
(s t 3H) t 4.16 and 4.34 (each m, total 1H) t 5.31 and 5.38 (each m, total 1 H), 7.18-7.28 (m, 3H), 7.37 and 7.39 (each s, 
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total 1H), 7.52 (d, J=8.1Hz, 1H), 7.70 and 7.71 (each d, 3=8.1 Hz, total 1H), 8.15 (d, J=7.8Hz, 1H) , 8.27 (d, J=7.8Hz, 
1H), 9.23 (s, 1H), 11.95 (broads, 1H); 
MS (ESI) m/z 570 (M++1), 572 (M++3); 

Anal. Calcd for C 30 H33CIFN 3 O 5 .0.75H 2 O: C, 61 .75; H, 5.96; N, 7.20. 
5 Found: C, 61 .85; H, 5.92; N, 6.83. 

Example 40 

4-((4S)-Fluoro-1 - (2-(1 -methyl-3-indolyl)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)cyclohexanecart30xyllc acid: 

10 

(Step 1) Synthesis of methyl 2-(1-methyl-3-indolyl)-6-benzoxazolylacetate 
[0507] 

15 



20 




[0508] In xylene (20 ml_), a mixture of 1-methyl-3-indolecarboxylic acid (1 .00 g, 5.71 mmol), methyl 4-amino-3-hy- 
droxyphenylacetate (1 .03 g, 5.71 mmol) and boric acid (1 .05 g, 1 7.1 mmol) was heated and refluxed for 24 hours by 
25 using a Dean-Stark trap. After the reaction mixture was cooled down to room temperature, the solvent was distilled off 
under reduced pressure. The residue was purified by chromatography on a silica gel column, whereby from chloroform- 
ethyl acetate (4:1, v/v) eluate fractions, methyl 2-(1-methyl-3-indolyl)-6-benzoxazolylacetate (0.20 g, 11%) was ob- 
tained as a yellow oil. 

1 H-NMR (CDCI 3 ) 5: 3.72 (s, 3H), 3.76 (s, 2H), 3.88 (s, 3H), 7.21 (dd, J=8.1 ,1 .5Hz, 1 H), 7.32-7.40 (m, 3H), 7.49 (s, 1 H), 
30 7.65 (d, J=8.1Hz, 1H), 7.91 (s, 1 H), 8.45 (m, 1H); 
MS (ESI) m/z 321 (M + +1). 

(Step 2) Synthesis of 2-(1 -methyl-3-indolyl)-6-benzoxazolylacetic acid 
35 [0509] 



40 




45 [0510] After addition of 0.25N NaOH (3.75 ml_ t 0.93 mmol) to a solution of methyl 2-(1-methyl-3-indolyl)-6-benzox- 
azolylacetate (200 mg, 0.62 mmol) in THF (6.5 ml_), the mixture was stirred at room temperature for 2 hours. Under 
ice cooling, the reaction mixture was poured in 1 N HCI (1 0 mL). The crystals thus precipitated were collected by filtration, 
washed with water and dried under reduced pressure, whereby 2- (1 -methyl-3-indolyl)-6-benzoxazoIylacetic acid (1 89 
mg, 99%) was obtained as a cotorless solid. 

50 1H-NMR (DMSO-d 6 ) 6: 3.73 (s, 2H), 3.94 (s, 3H), 7.24 (dd, J=7.8,1.5Hz, 1k), 7.31 (td, J=7.8,1.5Hz, 1H), 7.35 (td, 
J=7.8, 1.5Hz, 1H), 7.60-7.64 (m, 3H), 8.32 (dd, J=8.1,1.5Hz, 1H), 8.34 (s, 1H), 12.37 (broads, 1H); 
MS (ESI) m/z 307 (M + +1). 



55 
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(Step 3) Synthesis of methyl 4-((4S)-fluoro-1 -(2-(1 -methyl-3-indolyl)-6-benzoxazo^ 
cyclohexanecarboxylate 

[0511] 



F 




C0 2 Me 

[0512] After addition of EDC-HCI (204 mg, 1 .07 mmol) to a solution of 2-(1-methyl-3-indolyl)-6-benzoxazolylacetic 
acid (251 mg, 0.82 mmol), methyl ((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound syn- 
thesized in (Step 3) of Example 21) (212 mg, 0.82 mmol), HOBt (22.0 mg, 0.16 mmol) an DMAP (20.0 mg, 0.16 mmol) 
in DMF (5.0 mL), the resulting mixture was stirred at room temperature for 4 hours. The reaction mixture was poured 
in water (10 mL), followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over 
anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column, whereby from ethyl acetate fractions, methyl 4-((4S)-fluoro-1-(2-(1-methyl- 
3-indolyl)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (431 mg, 96%) was obtained as a 
yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 1.21-1.34 (m, 2H), 1.40-1.53 (m, 2H), 1.96-2.15 (m, 4H), 2.19-2.50 (m, 3H), 3.26 (m, 1H), 3.35 
and 3.50 (each m, total 1 H), 3.64 and 3.66 (each s, total 3H), 3.69-3.87 (m, 3H), 3.90 (s, 3H), 3.94-4.06 (m, 2H), 4.25 
and 4.39 (each m, total 1H). 5.23 (m, 1H), 7.19 (m, 1H), 7.34-7.41 (m, 3H), 7.49 (m, 1H), 7.64 (m, 1H), 7.93 (s, 1H), 
8.44 (m, 1H); 
MS (ESI) m/z 548 (M + +1). 

(Step 4) Synthesis of 4-((4S)-fluoro-1-(2-(1-methyl-3-indolyl)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid 

[0513] 



F 




C0 2 H 

[0514] After addition of 0.25N NaOH (5.00 mL, 1.25 mmol) to a solution of methyl 4-((4S)-fluoro-1-(2-(1-methyl- 
3-indotyl)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (431 mg, 0,79 mmol) in THF (8.0 
mL), the mixture was stirred at room temperature for 5 hours. Under ice cooling, the reaction mixture was poured in 
1N HCI (10 mL). Crystals thus precipitated were collected by filtration, washed with water and dried under reduced 
pressure, whereby the title compound (396 mg, 94%) was obtained as a colorless solid. 
IR (ATR) 2938, 2861, 1718, 1644, 1627, 1575, 1523, 1423 crrr 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 1.15-1 .27 (m, 2H), 1.32-1.45 (m, 2H), 1.89-2.11 (m, 4H), 2.14-2.29 (m, 3H), 3.23 (m, 1H), 3.55 
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(m, 1 H), 3.75-3.95 (m, 6H), 3.97 (s, 3H), 4.1 1 and 4.38 (each m, total 1 H) t 5.35 and 5.40 (each m, total 1 H), 7.22 (m, 
1H), 7.31-7.39 (m, 2H), 7.55-7.67 (m, 3H), 8.35 (s, 1H), 12.03 (broad s, 1H); 
MS (ESI)m/z534 (M + +1); 

Anal. Calcd for C^H^FNaOg: C, 67.53; H, 6.04; N, 7.87. 
5 Found: C, 67.33; H, 6.06; N, 7.70. 

Example 41 

trans-4-(1-((2-(5-Fluoro-2-methylpheny!amino)-6-benzoxazoW 
10 cycfohexanecarboxylic acid: 

(Step 1) Synthesis of methyl (2-(5-fluoro-2-methylphenylamino)-6;benzoxazolyi)acetate 

[0515] 

15 



20 




[0516] In methanol (50 ml), 5-fluoro-2-methylphenyl isothiocyanate (2.00 g, 12.0 mmol) was added to methyl 4-ami- 

no-3-hydroxyphenylacetate (2.1 7 g, 1 2.0 mmol) at room temperature. After stirring for 27 hours, mercuric oxide (yellow) 
25 (3.12 g, 1 4.4 mmol) was added to the reaction mixture and the resulting mixture was heated at 70 P C for 4 hours. After 

cooling to room temperature, the reaction mixture was filtered through Celite. The filtrate was washed with methanol. 

The filtrate was distilled under reduced pressure to remove the solvent. The residue was purified by chromatography 

on a silica gel column, whereby from chloroform/ethyl acetate (1 0/1 ) eluate fractions, methyl (2-(5-fluoro-2-methylphe- 

nylamino)-6-benzoxazolyl)acetate (1 .73 g, 46%) was obtained as a pale brown oil. 
30 1H-NMR (CDCI 3 ) 5: 2.13 (s, 3H) ( 3.705 (s, 2H), 3.711 (s, 3H), 6.74 (dt, J=8.3,2.7Hz, 1H), 6.81 (br, 1H), 7.15 (dd, 

J=8.1, 1.7Hz, 2H), 7.31 (d, J=1.2Hz, 1H), 7.44 (d, J=8.1Hz, 1H), 8.09 (dd, J=11 .0,2.7Hz, 1H). 

MS (ESI)m/z315(M + +1). 

(Step 2) (2-(5-FIuoro-2-methylphenylamino)-6-benzoxazolyl)acetic acid 

35 

[0517] 



f 



40 




45 

[051 8] To a solution of methyl (2-(5-f luoro-2-methylphenylamino)-6-benzoxazolyl)acetate (1 .73 g, 5.50 mmol) in THF/ 
methanol (2:1, 30 ml) was added 1N NaOH (20 ml). After stirring at room temperature for 3.5 hours, the mixture was 
distilled under reduced pressure to remove the solvent. The residue was acidified with 1N HCI. The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure 
50 to give (2-(5-fluoro-2-methylphenylamino)-6-benzoxazolyl)acetic acid (1 .60 g, 97%) as a colorless crystalline powder. 
1 H-NMR (DMSO-d 6 ) 5: 2.49 (s, 3H), 3.64 (d, J=1.7Hz, 2H), 6.87 (dt, J=8.3,1.5Hz, 1H). 7.11 (d, J=8.1Hz, 1H), 7.25 (t, 
J=7.3Hz, 1H), 7.37 (d, J=8.1Hz, 1H), 7.41 (s, 1H), 7.95 and 7.98 (each s, total 1H, amide isomers), 9.80 (br, 1H). 
MS (ESI) m/z 301 (M++1). 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



(Step 3) Synthesis of methyl trans-4-(1-((2-(5-fluoro-2H7iethylphenylamino)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0520] In DMF (5 ml), (2-(5-fluoro-2-methylphenyl)amino-6-benzoxazolyl)acetlc acid, methyl trans-4-((4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexancarboxylate (compound synthesized in (Step 3) of Example 21) (259 mg, 
1 .0 mmol), EDC HCI (288 mg, 1 .5 mmol), HOBt (203 mg, 1 .5 mmol) and triethylamine (0.70 ml, 5.0 mmol) were stirred 
at room temperature for 18 hours. The reaction mixture was poured in ice water, followed by extraction with ethyl 
acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from n- 
hexane/ethyl acetate (1/4) eluate fractions, methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-6-benzoxazolyl) 
acetyl)-(4S)"fluoro-(2S)-pyrroIidinylmethoxy)cyclohexanecarboxylate (540 mg, 100%) was obtained as a colorless 
amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 1.20-1.83 (m, 6H). 1.96-2.12 (m, 4H), 2.20-2.51 (m, 5H), 3.24 (m, 1H), 3.34 and 3.50 (t and dd, 
J=8.8 and 9.0,6.8Hz respectively, total 1 H, amide isomers), 3.65 and 3.67 (each s, total 3H, amide isomers), 3.72-4.42 
(m, 4H), 5.16-5.35 (m, 1H), 6.74 (t, J=7.8Hz, 1H), 6.97 (br, 1H), 7.06-7.17 (m, 2H), 7.32 (d, J=7.3Hz, 1H), 7.43 (t, 
J=6.8Hz, 1H), 8.07 and 8.09 (each s, total 1H, amide isomers). 
MS (ESI)m/z542 (M++1). 

(Step 4) Synthesis of trans-4-(1 -((2-(5-fluoro-2-methylphenylamino)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxyjcyclohexanecarboxylic acid. 



[0522] In THF/methanol (20/10 ml) was dissolved methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-6-benzox- 
azolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (540 mg, 1 .0 mmol), followed by the addi- 
tion of 1N NaOH (20 ml). After stirring at room temperature for 14 hours, the mixture was distilled under reduced 
pressure to remove the solvent. The residue was acidified with 1 N HCI. The crystals thus precipitated were collected 
by filtration under reduced pressure, washed with water and dried under reduced pressure to give the title compound 
(477 mg, 90%) as a colorless crystalline powder. 
IR (ATR) v 2939, 2864, 1701 , 1639, 1610, 1576, 1437 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 1.10-1.41 (m, 4H), 1.82-2.01 (m, 4H), 2.10-2.21 (m, 3H), 2.29 (s, 3H), 3.14-3.57 (m, 3H), 
3.62-3.95 (m, 4H), 4.14 and 4.32 (m and q, J=7.3Hz, total 1H, amide isomers), 5.31 and 5.37 (each d, J=53.4 and 
53.4Hz respectively, total 1H, amide isomers), 6.87 (dt, J=8.4, 2.7Hz, 1H), 7.05 and 7.08 (each d, each J=8.3Hz, total 
1 H, amide isomers), 7.24 (t, J=6.8Hz, 1 H), 7.35 (t, J=8.3Hz, 2H), 7.95 (d, J=11 .5Hz, 1 H), 9.77 (br, 1 H), 12.03 (br, 1 H). 
MS(ESI)m/z528 (M + +1); 

Anal. Calcd for C 28 H 31 F 2 N 3 O s 0.2H 2 O: C, 63.31; H, 5.96; N, 7.91; F, 7.15. 
Found: C, 63.13 ; H, 5.89; N, 7.71 ; F, 7.15. 



[0519] 
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Example 42 



trans-4-(1-((2-(2-Chloro-6-methylphenyte^ 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl (2-(2-chloro-6-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetate 



[0524] Methyl (4-amino-2-fluoro-3-hydroxypheny1)acetate (1 .0 g, 5.02 mmol) was dissolved in methanol (30 ml). To 
the resulting solution was added 2-chloro-6-methylphenyl isothiocyanate (841 mg, 4.58 mmol) at room temperature. 
After the resulting mixture was stirred for 5 days, mercuric oxide (yellow) (1 .14 g, 4.36 mmol) was added thereto. The 
mixture was stirred at 70°C for 23 hours. After cooling, the reaction mixture was filtered through Celite and washed 
with methanol. The filtrate was distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column, whereby from chloroform/ethyl acetate (30/1 ) el uate fractions, methyl (2-(2-chlo- 
ro-6-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetate (1 .45 g, 95%) was obtained as a red amorphous substance. 
1 H-NMR (CDCI 3 ) 5: 2.38 (s, 3H), 3.71 (s, 2H), 3.74 (s, 3H), 7.05 (t, J=8.0Hz, 1H), 7.14 (d, J=8.3Hz, 1H), 7.20 (dd, 
J=7.6,2.2Hz, 1H), 7.23 (s, 1H), 7,34 (d, J=7.3Hz, 1H). 
MS (ESI) m/z 349 (M + +1), 351 (M++3). 

(Step 2) Synthesis of (2-(2-chloro-6-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid 



[0526] To a solution of methyl (2-(2-chloro-6-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetate (1.45 g, 4.16 
mmol) in THF/ methanol (4:1 , v/v 1 00 ml) was added 1 N NaOH (40 ml). After stirring at room temperature for 1 7 hours, 
the reaction mixture was distilled under reduced pressure to remove the solvent. The residue was acidified with 1N 
HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried 
under reduced pressure to give (2-(2-chloro-6-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid (1 .30 g, 93%) 
as a colorless crystalline powder. 

1 H-NMR (DMSO-d 6 ) 6: 2.28 (s, 3H), 3.36 (s, 2H), 7.01 and 7,03 (each s, total 1H, amide isomers), 7.07 (t, J=8.1Hz, 
1H), 7.29 (d, J=7.6Hz, 1H), 7.32 (d, J=6.4Hz, 1H), 7.42 (d, J=7.6Hz, 1H). 
MS (ESI) m/z 335 (M + +1), 337 (M++3). 

(Step 3) Synthesis of methyl trans-4-(1-((2-(2-chloro-6-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidiny!methoxy)cyclohexanecarboxylate 



[0523] 




[0525] 




[0527] 



F 
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[0528] In DMF (4 ml), (2-(2-chloro-6-methylphenylamino)-7-fluoro-6-benzoxa20lyl)acetic acid (1 67 mg, 0.50 mmol), 
methyl trans-4-((4S)-fluoro-(2S)-pyrro!idinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) 
of Example 21) (130 mg, 0.50 mmol), EDC HCI (144 mg, 0.75 mmol), HOBt (101 mg, 0.75 mmol) and triethylamine 
(0.35 ml, 2.50 mmol) were stirred at room temperature for 20 hours. The mixture was poured in ice water, followed by 
extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and 
distilled under reduced pressure to remove the solvent. The residue was purified by thin-layer chromatography, whereby 
from chloroform/acetone (5/1) eluate fractions, methyl trans-4-(1-((2-(2-chloro-6-methy!phenylamino)-7-fluoro-6-ben- 
zoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (238 mg, 83%) was obtained as a 
colorless amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 1.21-1.53 (m, 4H), 1.95-2.31 (m, 7H), 2.43 (s, 3H), 2.49 (m, 1H), 3.27 (m, 1H), 3.33 and 3.54 (t 
and dd, J=10.0 and 8.8, 6.4Hz respectively, total 1H, amide isomers), 3.65 (s, 1H), 3.67 (s, 3H), 3.68-4.04 (m, 3H), 
4.30 and 4.36 (q and m, J=6.8Hz, total 1 H, 5.25 and 5.30 (each dt, J=54.2, 3.8 and 53.2, 2.7Hz respectively, total 1 H, 
amide isomers), 7.00-7.22 (m, 3H), 7.32 (d, J=7.3Hz, 1H). 
MS (ESI) m/z 576 (M++1) , 578 (M + +3) . 



(Step 4) Synthesis of trans-4-(1 -((2-(2-chloro-6-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0529] 




CO,H 



[0530] In THF/methanol (8/4, 12 ml) was dissolved methyl trans-4-(1-((2-(2-chloro-6-methyIphenylamino)7-fluoro- 
6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrro!idinylmethoxy)cyclohexanecarboxylate (238 mg, 0.41 3 mmol). To the re- 
sulting solution was added 1 N NaOH (4 ml). After stirring at room temperature for 14 hours, the reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was acidified with 1N HCI. The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure 
to give the title compound (191 mg, 82%) as a colorless crystalline powder, 
IR (ATR) v 3743, 3674, 2939, 1704, 1635, 1583, 1504, 1452 cm* ; 

1 H-NMR (DMSO) 5: 1.10-1.42 (m, 5H), 1.81-2.22 (m, 6H), 2.28 (s, 3H), 3.18 (t, J=9.5Hz, 1H), 3.42-4.02 (m, 6H), 4.11 
and 4.35 (m and q, J=7.1 Hz, total 1 H, amide isomers), 5.31 an 5.39 (each d, J=55.2 and 54.7Hz respectively, total 1 H, 
amide isomers), 6.96-7.03 (m, 2H), 7.28 (t, J=7.6Hz, 1H), 7.32 (d, J=7.3Hz, 1H), 7.42 (d, J=7.8Hz, 1H). 
MS (ESI) m/z 562 (M++1), 564 (M++3) ; 

Anal. Calcd for C^H^CIFgNaOg 0.5H 2 O: C, 58.90; H, 5.47; N, 7.36; CI, 6.21 ; F, 6.65. 
Found: C, 58.85; H, 5.44; N, 7.19; CI, 6.18; F, 6.47. 

Example 43 

trans-4-(1-((2-(5-Chloro-2-methylphenylami 
cyclohexanecarboxylic acid : 

(Step 1) Synthesis of methyl (2-(5-chloro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetate 
[0531] 




[0532] In methanol (30 ml) was dissolved methyl (4-amino-2-fluoro-3-hydroxyphenyl)acetate (1 .0 g, 5.02 mmol). To 
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the resulting solution was added 5-chloro-2-methylphenyl isothiocyanate (0.674 ml, 4.58 mmol). After the mixture was 
stirred at room temperature for 5 days, mercuric oxide (yellow) (1 .14 g, 4.36 mmol) was added thereto. The resulting 
mixture was stirred at 70°C for 6 hours. After cooling to room temperature, the reaction mixture was filtered through 
Celite and washed with methanol. The filtrate was distilled under reduced pressure to remove the solvent. The residue 
5 was purified by chromatography on a silica gel column, whereby from chloroform/ethyl acetate (30/1 , wV) eluate frac- 
tions, methyl (2-(5-chloro-2-methylphenylamino)-7-fluoro-6-ben20xazolyl)acetate (1.67 g, 100%) was obtained as a 
brown solid. 

1 H-NMR (CDCI 3 ) 5: 2.32 (s, 3H), 3.73 (s, 3H), 3.76 (s, 2H), 7.04 (dd, J=8.1, 2.2Hz, 1H), 7.10 (dd, J=7.8, 2.2Hz, 1H), 
7.13 (t, J=8.1Hz, 2H), 8.30 (d, J=2.2Hz, 1H). 
10 MS (ESI) m/z 349 (M++1 ), 351 (M++3). 

(Step 2) Synthesis of (2-(5-chloro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid 
[0533] 

15 



20 




[0534] In THF/methanol (4:1 , v/v, 100 ml) was dissolved methyl (2-(5-chloro-2-methylpheny1amino)-7-fluoro-6-ben- 
zoxazolyl)acetate (1.67 g, 4.79 mmol). To the resulting solution was added 1N NaOH (40 ml). After stirring at room 
25 temperature for 1 2 hours, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue 
was acidified with 1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed 
with water and dried under reduced pressure to give (2-(5-chloro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic 
acid (1 .39 g, 87%) as a colorless crystalline powder. 

1 H-NMR (DMSO-d 6 ) 6: 2.30 (s, 3H), 3.71 (s, 2H), 7.12 (dd, J=8.1 , 2.0Hz, 1H), 7.15 (d, J=7.3Hz, 1H), 7.23 (d, J=8.1Hz, 
30 1H), 7.26 (d, J=8.1Hz, 1H), 8.09 (s, 1H), 10.06 (s, 1H), 12.46 (br, 1H). 
MS (ESI) m/z 335 (M++1), 337 (M + +3). 

(Step 3) Synthesis of methyl trans-4-(1-((2-(5-chloro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

35 

[0535] 



40 




45 

[0536] In DMF (4 ml), (2-(5-chloro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid (1 67 mg, 0.50 mmol), 
methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) 
of Example 21) (130 mg, 0.50 mmol), EDC HCI (144 mg, 0.75 mmol), HOBt (101 mg, 0.75 mmol) and triethylamine 
(0.35 ml, 2.50 mmol) were stirred at room temperature for 19 hours. The mixture was poured in ice water, followed by 

so extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography using a thin-layer 
plate, whereby from chloroform/acetone (5/1 , v/v) eluate fractions, methyl trans-4-(1 -((2-(5-chloro-2-methylphenylami- 
no)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (261 mg, 91%) was 
obtained as a colorless amorphous substance. 

55 1H-NMR (CDCI3) 5: 1.22-1 .56 (m, 5H), 1 .95-2.29 (m, 7H), 2.30 (s, 3H), 2.50 (m, 1H), 3.21-3.60 (m, 2H), 3.65 and 3.67 
(each s, total 3H, amide isomers), 3.70 (s, 1H), 3.17-4.05 (m, 3H), 4.31-4.43 (m, 1H), 5.27 and 5.31(each dt, J=53.7, 
4.4 and 52.7, 3.8Hz respectively, total 1H, amide isomers), 7.02-7.14 (m, 4H), 7.22 (d, J=8.8Hz, 1 H), 8.26 (s, 1H). 
MS (ESI) m/z 576 (M + +1) , 578 (M + +3). 
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(Step 4) Synthesis of trans-4-(1 -((2-(5K:hloro-2-methylphenylamino)-7-fluoro^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0537] 



10 




[0538] In THF/ methanol (4:1, y/v, 12 ml) was dissolved methyl trans-4-(1-((2-(5-chloro-2-methylphenylamino)- 

7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (202 mg, 0.359 mmol). 
is To the resulting solution was added 1N NaOH (4 ml). After stirring at room temperature for 14 hours, the reaction 

mixture was distilled under reduced pressure to remove the solvent. The residue was acidified with 1 N HCI. The crystals 

thus precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced 

pressure to give the title compound (202 mg, 79%) as a colorless crystalline powder. 

IR (ATR) v 3168, 2937, 1702, 1639, 1577, 1450 cm- 1 ; 
20 1 H-NMR (DMSO-d 6 ) 5: 1.09-1.41 (m, 5H), 1.83-2.22 (m, 6H), 2.30 (s, 3H), 3.19 (t, J=9.8Hz, 1H), 3.44-4.41 (m, 7H), 

5.32 and 5.43 (each d, each J=54.4Hz, total 1H, amide isomers), 7.05-7.10 (m, 1H), 7.12 (d, J=8.1Hz, 1H), 7.22 (d, 

J=6.3Hz, 1H), 7.27 (d, J=8.1Hz, 1H), 8.10 (s, 1H), 10.04 (br, 1H). 

MS (ESI) m/z 562 (M + +1), 564 (M++3); 

Anal. Calcd for C^H^CIF^Os 0.5H 2 O: C, 58.90; H, 5.47; N, 7.36; CI, 6.21 ; F, 6.65. 
25 Found: C, 59.13; H, 5.40; N, 7.1 5; CI, 6.21 ; F, 6.48. 

Example 44 

trans-4-(1-((2-(5-Fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmetho 
30 cyclohexanecarboxylic acid: 

(Step 1 ) Synthesis of methyl (2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetate 

[0539] 




[0540] In methanol (30 ml) was dissolved methyl (4-amino-2-fluoro-3-hydroxyphenyl)acetate (1 .0 g, 5.02 mmol). To 
the resulting solution was added 5-fluoro-2-methylphenyl isothiocyanate (1 .0 g, 5.98 mmol). After the resulting mixture 
was stirred at room temperature for 5 days, mercuric oxide (yellow) (1 .14 g, 4.36 mmol) was added thereto. The mixture 
45 was stirred at 70°C for 6 hours. After cooling to room temperature, the reaction mixture was filtered through Celite and 
washed with methanol . The filtrate was distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from chloroform/ethyl acetate (30/1 , v/v) eluate fractions, methyl 
(2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetate (810 mg, 56%(2 steps)) was obtained as a pink 
solid. 

50 1H-NMR (CDCI 3 ) 5: 2.32 (s, 3H), 3.72 (s, 3H), 3.76 (s, 2H), 6.75 (dt, J=8.1 , 2.7Hz, 1H), 6.87 (br, 1H), 7.11 (t, J=6.6Hz, 
1H), 7.15 (t, J=6.9Hz, 1H), 8.11 (dd, J=11 .0,6.7Hz, 1H). 
MS (ESI) m/z 333 (M++1). 
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(Step 2) Synthesis of (2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid 



[0541] 



5 




CO,H 



Me 



10 



[0542] In THF/methanol (2:1, v/v, 90 ml) was dissolved methyl (2-(5-fiuoro-2-methylphenylamino)-7-fluoro-6-ben- 
zoxazoly I) acetate (810 mg, 2.44 mmol). To the resulting solution was added 1N NaOH (30 ml). After stirring at room 
temperature for 12 hours, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue 
was acidified with 1N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed 
15 with water and dried under reduced pressure to give (2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic 
acid (700 mg, 90%) as a pale brown solid. 

1 H-NMR (DMSO-d 6 ) 8: 2.29 (s, 3H), 3.68 (s, 2H), 6.89 (dt, J=7.0, 1.7Hz, 1H), 7.14 (t, J=6.4Hz, 1H), 7.20 and 7.22 
(each s, total 1H, amide isomers), 7.25 (t, J=7.4Hz, 1H), 7.90 (d, J=11.3Hz, 1H), 10.06 (br, 1H). 
MS(ESI)m/z319(M + +1). 



(Step 3) Synthesis of methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0544] In DMF (4 ml) were dissolved (2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid (159 
mg, 0.50 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthe- 

35 sized in (Step 3) of Example 21) (130 mg, 0.50 mmol), EDC HCI (144 mg, 0.75 mmol), HOBt (101 mg, 0.75 mmol) and 
triethylamine (0.35 ml, 2.50 mmol). The resulting solution was stirred at room temperature for 1 9 hours. The mixture 
was poured in ice water, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography using a thin plate, whereby from chloroform/ acetone (5/1) eluate fractions, methyl trans- 

40 4-(1-((2-(5-fluoro-2-methy!phenylamino)-7-fluoro-6-benzoxazolyl) acetyI)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cy- 
clohexanecarboxylate (243 mg, 87%) was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI 3 ) 6: 1.21-1.62 (m, 4H), 1.97-2.29 (m, 6H), 2.31 (s, 3H), 2.51 (m, 1H), 3.22-3.61 (m, 2H), 3.65 (s, 1H), 
3.67 (s, 3H), 3.70 (s, 1H), 3.71-4.09 (m, 3H), 4.31-4.44 (m, 1H), 5.18-5.41 (m, 1H), 6.75 (t, J=6.3Hz, 1H), 7.09-7.18 
(m, 3H), 7.21 (d, J=9.5Hz, 1H), 8.07 (dd, J=10.7, 2.2Hz, 1H). 
45 MS(ESI)m/z560(M + +1). 

(Step 4) Synthesis of trans-4-(1 -((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



20 



[0543] 



25 



30 




50 [0545] 



55 
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[0546] In THF/methanol (8/4 ml) was dissolved methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fiuoro- 
6-benzoxa2olyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (243 mg, 0.434 mmol). To the re- 
sulting solution was added 1N NaOH (4 ml). After stirring at room temperature for 14 hours, the reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was acidified with 1N HCI. The crystals thus 
5 precipitated were .collected by filtration under reduced pressure, washed with water and dried under reduced pressure 
to give the title compound (184 mg, 78%) as a colorless solid. 
IR (ATR) v 3224, 2937, 1720, 1703, 1639, 1610, 1579, 1452 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 6: 1.12-1.43 (m, 4H), 1 .82-2.22 (m, 7H), 2.30 (s, 3H), 3.20 (t, J=10.0Hz, 1H), 3.40-4.08 (m, 6H), 
4.1 3 and 4.36 (m and q , J=7. 1 Hz, total 1 H, amide isomers), 5.32 and 5.40 (dt and d, J=54.4, 4.4 and 53.5Hz respectively, 
10 total 1H, amide isomers), 6.89 (dt, J=8.3,2.0Hz, 1H), 7.05 and 7.08 (each t, J=7.1 and 7.3Hz respectively, total 1H, 
amide isomers), 7.21 (dd, J=8.1, 2.4Hz, 1H), 7.26 (t, J=7.8Hz, 1H), 7.92 (d, J=11.5Hz, 1H), 10.04 (br, 1H). 
MS (ESI)m/z546 (M + +1) 

Anal. Calcd for C^H^^C^ 0.4H 2 O: C, 60.84; H, 5.62; N, 7.60; F, 1 0.31 . 
Found: C, 60.91 ; H, 5.49; N, 7.41 ; F, 1 0.32. 

15 

Example 45 

trans-4-(1-((2- (4-Fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

20 

(Step 1 ) Synthesis of methyl (2-(4-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetate 
[0547] 

25 




30 

[0548] In methanol (30 ml) was dissolved methyl (4-amino-2-fluoro-3-hydroxyphenyl)acetate (1 .0 g, 5.02 mmol). To 
the resulting solution was added 4-fluoro-2-methylphenyl isothiocyanate (0.74 ml, 5.23 mmol). After the mixture was 
stirred at room temperature for 5 days, mercuric oxide (yellow) (1.14 g, 4.36 mmol) was added thereto. The mixture 

35 was stirred at 70°C for 6 hours. After cooling to room temperature, the reaction mixture was filtered through Celite and 
washed with methanol. The filtrate was distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from chloroform/ethyl acetate (30/1) eluate fractions, methyl (2- 
(4-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetate (1 .32 g, 91%) was obtained as a colorless solid. 
1 H-NMR (CDCI 3 ) 8: 2.34 (s, 3H), 3.72 (s, 3H), 3.75 (s, 2H), 6.71 (br, 1H), 6.92-7.01 (m, 2H), 7.09 (t, J=8.1 Hz, 1H), 7.18 

40 (d t J=8.1Hz, 1H), 7.93 (dd, J=8.8,5.4Hz, 1H). 
MS (ESI)m/z333 (M + +1). 

(Step 2) Synthesis of (2-(4-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid 
45 [0549] 



50 




[0550] In THF/methanol (2:1 , v/v, 120 ml) was dissolved methyl (2-(4-fluoro-2-methylphenylamino)-7-fluoro-6-ben- 
55 zoxazoly I) acetate (1 .32 g, 3.97 mmol). To the resulting solution was added 1N NaOH (40 ml). After stirring at room 
temperature for 1 2 hours, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue 
was acidified with 1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed 
with water and dried under reduced pressure to give (2-(4-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic 
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acid (1.38 g, 100%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 6: 2.26 (s, 3H), 3.68 (s, 2H), 7.06-7.14 (m, 4H), 7.75 (m, 1H), 9.91 (s, 1H). 
MS(ESI)m/z319(M + +1). 

(Step 3) Synthesis of methyl trans-4-(1-((2-(4-fluoro-2-methylphenylamino)^^^ 
fluoro-(2S) -pyrrolidiny!methoxy)cyclohexanecarboxylate 



[0552J To a mixture of methyl (2-(4-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetate (159 mg, 0.50 
mmol), methyl trans-4-((4S)-fluoro-(25)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in 
(Step 3) of Example 21) (130 mg, 0.50 mmol), EDC HCI (144 mg, 0.75 mmol), HOBt (101 mg, 0.75 mmol) and triethyl- 
amine (0.35 ml, 2.50 mmol) was added DMF (4 ml). The resulting mixture was stirred at room temperature for 1 9 hours. 
The reaction mixture was poured in ice water, followed by extraction with ethyl acetate. The extract was washed with 
saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography using a silica gel thin-layer plate (TLC), whereby from chloroform/acetone 
(5/1) eluate fractions, methyl trans-4-(1-((2-(4-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (245 mg, 88%) was obtained as a colorless amorphous sub- 
stance. 

1 H-NMR (CDCI 3 ) 5: 1.27-1.57 (m, 5H) , 1.96-2.28 (m, 7H), 2.32 (s, 3H), 2.45 and 2.51 (each d, J=15.7 and 14.9Hz 
respectively, total 1 H, amide isomers), 3.24-3.41 (m, 1 H), 3.55 (m, 1 H), 3.65 and 3.67 (each s, total 3H, amide isomers), 
3.72-4.06 (m, 3H), 4.31-4.43 (m, 1 H), 5.27 and 5.31 (each dt, J=54.0, 4.7 and 53.2, 4.3Hz respectively, total 1 H, amide 
isomers), 6.92-7.08 (m, 3H), 7.13 (t, J=8.1Hz, 1H), 7.80 (m, 1H). 
MS (ESI) m/z 560 (M + +1). 

(Step 4) Synthesis of trans-4-(1 -((2-(4-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[0554] In THF/methanol (2:1 , 12 ml) was dissolved methyl trans-4-(1-((2-(4-fluoro-2-methylphenylamino)-7-fluoro- 
6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (245 mg, 0.438 mmol). To the re- 
sulting solution was added 1 N NaOH (4 ml). After stirring at room temperature for 14 hours, the reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was acidified with 1N HCI. The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure 
to give the title compound (199 mg, 83%) as a colorless solid. 
IR (ATR) v 3165, 2941, 1699, 1635, 1581, 1496, 1454 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.10-1.27 (m, 2H), 1.34 (t, J=12.4Hz, 2H), 1.82-2.22 (m, 7H), 2.30 (s, 3H), 3.19 (t, J=8.8Hz, 
1H), 3.40-4.03 (m, 6H), 4.13 and 4.35 (m and q, J=7.1Hz total 1H, amide isomers), 5.32 and 5.40 (d and dt, J=54.9, 
4.6 and 53.7Hz respectively, total 1H, amide isomers), 6.99-7.16 (m, 4H), 7.76 (dd, J=8.8,5.6Hz, 1H), 9.89(br, 1H), 
12.04(br, 1H). 
MS (ESI) m/z 546 (M++1); 

Anal. Calcd for 02^3^305-0.4^0: C, 60.84; H, 5.62; N, 7.60; F, 10.31 . 
Found: C, 61.15; H, 5.71; N, 7.15; F, 9.97. 



[0551] 




[0553] 
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Example 46 

trans-4-(1-((2-(3-fluoro-2-methylphenylamino)-7-fl^ 
cyclohexanecarboxylic acid 

(Step 1) Synthesis of methyl {2*(3-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetate 
[0555] 




15 

[0556] In TH F (20 ml) was dissolved 3-fluoro-2-methylaniline (0.57 ml, 5.0 mmol). To the resulting solution was added 
thiophosgene (990 mg, 5.0 mmol) under stirring at room temperature. After the reaction mixture was stirred for 4 hours 
at room temperature, methyl (4-amino-2-fluoro-3-hydroxyphenyl)acetate (996 mg, 5.0 mmol) was added thereto. The 
resulting mixture was stirred further at room temperature for 2 days. Mercuric oxide (yellow) (1 .08 g, 5.0 mmol) was 
20 added and the mixture was stirred at 70°C for 4.5 hours. After cooling to room temperature, the reaction mixture was 
filtered through Celite and washed with methanol. The filtrate was distilled under reduced pressure to remove the 
solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate 
(4/1) eluate fractions, methyl (2-(3-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetate (1.21 g, 73%) was 
obtained as a colorless solid. 

25 1 H-NMR (CDCI 3 )8: 2.27 (s, 3H), 3.72 (s, 3H), 3.76 (s, 2H), 6.87 (t, J=8.8Hz, 1 H), 7.09 (t, J=6.6Hz, 1 H), 7.22 (d, J=7.8Hz, 
1H), 7.27 (m, 1H), 7.93 (d, J=7.8Hz, 1H). 
MS (ESI)m/z333 (M++1). 

(Step 2) Synthesis of (2-(3-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid 

30 

[0557] 



35 




[0558] In THF/methanol (2:1, 60 ml) was dissolved methyl (2-(3-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxa- 
40 zolyl)acetate (1 .21 g, 3.64 mmol). To the resulting solution was added 1 N NaOH (20 ml). After stirring at room temper- 
ature for 1 7 hours, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue was 
acidified with 1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with 
water and dried under reduced pressure to give (2-(3-f luoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid 
(1.10 g, 15%) as a colorless solid. 
45 1H-NMR (DMSO-d 6 ) 8: 2.21 (d, J=2.0Hz, 3H), 3.66 (s, 2H), 7.00 (t, J=8.8Hz, 1H), 7.10-7.16 (m, 2H), 7.26 and 7.30 
(each d, J=7.8 and 8.1H respectively, total 1H, amide isomers), 7.72 (d, J=7.1Hz, 1H), 10.10 (br, 1H). 
MS (ESI) m/z 319(M + +1). 
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(Step 3) Synthesis of methyl trans-4-(1-((2-(3-fluoro-2HTiethylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarooxylate 

[0559] 




[0560] To a mixture of (2-(3-f luoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid (1 59 mg, 0.50 mmol), 
methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) 

15 of Example 21) (130 mg, 0.50 mmol), EDC-HCI (144 mg, 0.75 mmol), HOBt (101 mg, 0.75 mmol) and triethylamine 
(0.35 ml, 2.50 mmol) was added DMF (4 ml). The resulting mixture was stirred at room temperature for 18 hours. The 
reaction mixture was poured in ice water, followed by extraction with ethyl acetate. The extract was washed with sat- 
urated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography using a thin-layer plate (TLC), whereby from chloroform/acetone (5/1) eluate 

20 fractions, methyl trans-4-(1-((2-(3-fluoro-2-methyiphenylamino)-7-fluo 

rolidinylmethoxy)cyclohexanecarboxylate (264 mg, 94%) was obtained as a colorless amorphous substance. 
1 H-NMR (CDCI 3 ) 6: 1.91-1.58 (m, 4H), 1.96-2.21 (m, 5H), 2.25 (d, J=1.7Hz, 3H), 2.27 and 2.48 (each m, total 1H, 
amide isomers), 3.22-3.33 (m, 1 H), 3.35 and 3.56 (t and tt, J=8.5 and 9.3, 6.1 Hz respectively, total 1 H, amide isomers), 
3.65 and 3.67 (each s, total 3H, amide isomers), 3.69 (s, 1H), 3.70-4.02 (m, 5H), 4.33 and 4.39 (q and dt, J=7.6 and 

25 7.8, 4.4Hz, total 1H, amide isomers), 5.27 and 5.31 (each dt, = 54.0, 4.1 and 53.0, 3.9Hz, total 1H, amide isomers), 
6.86 (t, J=8.3Hz, 1H), 7.06 and 7.08 (each t, J=7.8 and 11.7Hz respectively, total 1H, amide isomers), 7.16-7.29 (m, 
2H), 7.88 (dd, J=8.1, 2.6Hz, 1H). 
MS (ESI) m/z 560 (M++1). 



30 (Step 4) Synthesis of trans-4-(1 -((2-(3-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[0561] 



35 




40 

[0562] In THF/methanol (2:1 , 63 ml) was dissolved methyl trans-4- (1-((2-(3-fluoro-2-methylphenylamino)-7-fluoro- 
6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (264 mg, 0.472 mmol). To the re- 
sulting solution was added 1 N NaOH (1 0 ml). After stirring at room temperature for 1 7 hours, the reaction mixture was 
45 distilled under reduced pressure to remove the solvent. The residue was acidified with 1N HCI. The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure 
to give the title compound (199 mg, 83%) as a colorless solid. 
IR(ATR)v3167, 2939, 1701, 1641, 1581 , 1452 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 1 .09-1 .39 (m, 5H), 1 .83-2.03 (m, 5H), 2.08-2.1 7 (m, 2H), 2.50 (d, J=2.0Hz, 3H), 3. 1 9 (t, J=8.8Hz, 
so 2H), 3.41-4.06 (m, 4H), 4.12 and 4.36 (m and q, J=6.8Hz, total 1H, amide isomers), 5.32 and 5.40 (dt and d, J=54.5, 
5.4 and 54.8Hz respectively, total 1H, amide isomers), 7.00 (t, J=8.8Hz, 1H), 7.05 (m, 1H), 7.13 and 7.15 (each d, 
J=2.7 and 2.9Hz respectively, total 1H, amide isomers), 7/28 (dd, J=14.9, 8.1Hz, 1H), 7.72 (d, J=8.1Hz, 1H). 
MS(ESI)m/z546(M + +1); . 

Anal. Calcd for CggH^FaNaOg 0.1HCM.4H 2 O: C, 58.55; H, 5.77; N, 7.32; F, 9.92. 
55 Found: C, 58.24; H, 5.38; N, 7.09; F, 9.63. 
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Example 47 

trans-4-(1«((2-(5-Ruoro-2-methylphe^ 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 4,6-difluoro-2-hydroxynitrobenzene 
[0563] 




15 

[0564] Under stirring at room temperature, 1 0N NaOH (1 8 ml, 1 80 mmol) was added dropwiseto a solution of 2,4,6-tri- 
fluoronitrobenzne (1 5.0 g, 84.7 mmol) in DMSO (75 ml). After completion of the dropwise addition, the reaction mixture 
was stirred at room temperature for 18 hours. The reaction mixture was poured in 1N HCI to neutralize therewith, 
followed by extraction with ether. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, 
20 and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from ethyl acetate/chloroform (1/10) eluate fractions, 4,6-difluoro-2-hydroxynitrobenzene (12.5 
g, 84%) was obtained as a yellow solid. 

1 H-NMR (CDCI 3 ) 5: 6.55-6.60 <m, 1H) , 6.68-6.71 (m, 1H), 10.90 (s, 1H) . 
25 (Step 2) Synthesis of 2-benzyloxy-4,6-difluoronitrobenzene 
[0565] 



30 




35 [0566] To a solution of 4,6-difluoro-2-hydroxynitrobenzene (12.5 g, 71.1 mmol) in DMF (150 ml) was added sodium 
hydride (60% in oil, 3.70 g, 92.4 mmol) under stirring at 0°C, and the reaction mixture was stirred for 1 5 minutes. Benzyl 
bromide (11 .0 ml, 92.4 mmol) was added dropwise at 0°C. After completion of the dropwise addition, the reaction 
mixture was stirred at 80°C for 18 hours. After cooling to room temperature, the mixture was poured in ice-1 N HCI to 
neutralize therewith, followed by extraction with ether. The extract was washed with saturated brine, dried over anhy- 

40 drous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chro- 
matography on a silica gel column, whereby from ethyl acetate/hexane (1/5) eluate fractions, 2-benzyloxy-4,6-difluoron- 
itrobenzene (13.7 g, 73%) was obtained as a yellow solid. 
1 H-NMR (CDCI3) 8: 5.18 (s, 2H), 6.55-6.63 (m, 2H), 7.32-7.46 (m, 5H). 

45 (Step 3) Synthesis of tert-butyl ethyl 5-benzyloxy-3-fluoro-4-nitrophenylmalonate 

[0567] 



Fy^OBn 



ElOjC^XOjtBu 

55 

[0568] To a solution of tert-butyl ethyl malonate (10.0 g, 51.0 mmol) in DMF (200 ml) was added sodium hydride 
(60% in oil, 2.04 g, 51 .0 mmol) at 0°C under stirring. The reaction mixture was stirred at the same temperature for 30 
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minutes. A solution of 2-benzyloxy-4,6-difluoronitrobenzene (9.02 g, 34.0 mmol) in DMF (60 ml) was added dropwise 
to the reaction mixture at 0°C. The reaction mixture was then stirred at 80°C for 18 hours. After cooling to room tem- 
perature, the reaction mixture was poured in ice-1 N HCI to neutralize therewith, followed by extraction with ether. The 
extract was washed with saturated brine, dried over anhydrous sodium sulfate, then distilled under reduced pressure 
5 to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from with ethyl 
acetate/hexane (1/5) eluate fractions, tert-butyl ethyl 5-benzyloxy-3-fluoro-4-nitrophenylmalonate (2.91 g, 17%) was 
obtained as a yellow oil. 

1 R-NMR (CDCI 3 ) 5: 1.24-1.30 (m, 3H), 1.47 (s, 9 H), 4.11-4.28 (m, 2H), 4.47 (s, 1H), 5.20 (s, 2H), 6.91 (d, J=9.6Hz, 
1H), 7,00 (s, 1H), 7.32-7.39 (m, 5 H). 

10 

(Step 4) Synthesis of ethyl 5-benzyloxy-3-fluoro-4-nitrophenylacetate 
[0569] 

15 



20 




[0570] In methylene chloride (30 ml) was dissolved tert-butyl ethyl 5-benzyloxy-3-fluoro-4-nitrophenylmalonate (2.89 
g, 6.67 mmol). To the resulting solution was added trifluoroacetic acid (30 ml). The resulting mixture was stirred at 
room temperature for 3.5 hours. The reaction mixture was distilled under reduced pressure to remove the solvent. The 
25 residue was neutralized with an aqueous saturated solution of sodium bicarbonate, followed by extraction with ethyl 
acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent The residue was purified by chromatography on a silica gel column, whereby from 
ethyl acetate/hexane (1/5) eluate fractions, ethyl 5-benzyloxy-3-fluoro-4-nitrophenylacetate (1 .57 g, 70%) was obtained 
as a yellow oil. 

30 1H-NMR (CDCI3) 8: 1.27 (t, J=7.2Hz, 3H), 3.60 (s, 2H), 4.17 (q, J=7.2, 14.4Hz, 2H), 5.20 (s, 2H), 6.80 (d, J=10.0Hz, 
1H), 6.84 (s, 1H), 7.27-7.40 (m, 5 H). 

(Step 5) Synthesis of ethyl 4-amino-3-fluoro-5-hydroxyphenylacetate 
35 [0571] 



40 




[0572] Ethyl 3-fluoro-4-nitro-5-benzyloxyphenyl acetate (1.54 g, 4.62 mmol) and 10% palladium-carbon (122 mg) 
45 were subjected to catalytic hydrogenation for 20 hours under normal pressure while stirring at room temperature in 
EtOH (20 ml). From the reaction mixture, the catalyst was filtered off. The filtrate was distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from ethyl acetate/ 
hexane (1/2) eluate fractions, ethyl 4-amino-3-fluoro-5-hydroxyphenylacetate (639 mg, 65%) was obtained as a brown 
oil. 

so 1H-NMR (CDCI3) 8: 1 .25 (t, J=7.2Hz, 3H), 3.43 (s, 2H), 4.1 5 (q, J=7.2, 14.4Hz, 2H), 6.48 (s, 1 H), 6.54 (d, J=1 0.4Hz, 1 H) . 



55 
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(Step 6) Synthesis of 5-f luoro-2-methylphenyl isothiocyanate 



[0573] 




NCS 



[0574] Under stirring at 0°C > a solution of 5-fluoro-2-methylaniline (1 .23 g, 9.84 mmol) in methylene chloride (1 0 ml) 
was added dropwise to a mixture of calcium carbonate (2.46 g, 24.6 mmol) and thiophosgene (750 uJ, 9.84 mmol) in 
a methylene chloride/Water (1/1 , 40 ml) mixture. After completion of the dropwise addition, the reaction mixture was 
stirred further at 0°C for 35 minutes. The reaction mixture was poured in ice-1 N HCI, followed by extraction with chlo- 
roform. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced 
pressure to remove the solvent to give 5-fluoro-2-methylphenyl isothiocyanate (1 .45 g, 88%) as a brown oil. 
MS(ESI)m/z167(M + ). 

(Step 7) Synthesis of ethyl (2-(5-fluoro-2-methylphenylamino) -4-fluoro-6-benzoxazolyl)acetate 



[0576] Under stirring at room temperature, ethyl 4-amino-3-fluoro-5-hydroxyphenylacetate (233 mg, 1.10 mmol) was 
added to a solution of 5-fluoro-2-methylphenyl isothiocyanate (184 mg, 1 .10 mmol) in methanol (20 ml). The resulting 
mixture was stirred at 70°C for 1 hour. To the reaction mixture was added mercuric oxide (yellow) (262 mg, 1 .21 mmol), 
followed by stirring for further 30 minutes. After cooling to room temperature, the reaction mixture was filtered through 
Celite. The filtrate was washed with methanol and then, distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from chloroform/methanol (1 0/1) eluate frac- 
tions, ethyl (2-(5-fluoro-2-methyIpheny!amino)-4-fluoro-6-benzoxazolyl)acetate (21 6 mg, 57%) was obtained as a pale 
yellow solid. 

1 H-NMR (CDCI 3 ) 5: 1.28 (t, J=7.2Hz, 3H), 2.32 (s, 3H), 3.67 (s, 2H), 4.18 (q, J=6.8, 14.4Hz, 2H), 6.74-6.79 (m, 1H), 
6.92-6.97 (m, 2H), 7.14-7.17 (m, 2H), 8.05-8.09 (m, 1H). 
MS (ESI)m/z347 (M++1). 

(Step 8) Synthesis of (2-(5-fluoro-2-methylphenylamino)-4-fluoro-6-benzoxazolyl)acetic acid 



[0578] Ethyl (2-(5-fluoro- 2-methylphenylamino)-4-fluoro-6-benzoxazolyl)acetate (21 5 mg, 0.62 mmol) was dissolved 
in THF/ methanol (1/1 , 20 ml). To the resulting solution was added 0.25N NaOH (12.4 ml, 3.10 mmol). The resulting 
mixture was stirred at room temperature for 1 hour. The reaction mixture was poured in 1 N HCI to acidify the mixture, 
followed by extraction with chloroform/methanol (10/1). The extract was dried over anhydrous sodium sulfate, and 



[0575] 




[0577] 
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distilled under reduced pressure to remove the solvent to give (2-(5-fluoro-2-methylphenylamino)-4-fluoro-6-benzox- 
azolyl)acetic acid (165 mg, 83%) as a pale brown solid. 

1 H-NMR (CDCI 3 ) 5: 2.28 (s, 3H), 3.66 (s, 2H), 6.87-6.91 (m, 1H), 7.03 (d, J=1 1.6Hz, 1H), 7.23-7.29 (m, 3H), 7.84-7.87 
(m, 1H),9.98 (brs, 1H). 
5 MS (ESI) m/z319(M++1). 

(Step 9) Synthesis of methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-4-fluoro-6-benzoxazolyl) acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

10 [0579] 



15 




20 [0580] To a solution of (2-(5-fluoro-2-methylphenylamino)-4-fluoro-6-benzoxazolyl)acetic acid (1 65 mg, 0.52 mmol), 
methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) 
of Example 21) (134 mg, 0.52 mmol) and EDC-HCI (119 mg, 0.62 mmol) in DMF (10 ml) was added HOBt (14.0 mg, 
0.10 mmol). The resulting mixture was stirred at room temperature for 18 hours. Water was added to the reaction 
mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous 

25 sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatog- 
raphy using a silica gel thin-layer plate (TLC), whereby from hexane/ethyl acetate (1/5) eluate fractions, methyl trans- 
4-(1-((2-(5-fluoro-2-methylphenylamino)-4-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cy^ 
clohexanecarboxylate (251 mg, 87%) was obtained as a colorless amorphous substance. 

1 H-NMR (CDCy, mixture of amide-isomers, 5: 1 .24-1 .32 (m, 2H), 1 .40-1 .53 (m, 2H), 1 .96-2.52 (series of m, 7H), 2.31 
30 (s, 3H), 3.22-4.41 (series of m, 8H), 3.65 and 3.67 (s, total 3H), 4.28-4.42 (m, 1H), 5.17-5.36 (m, 1H), 6.73-6.77 (m, 
1H). 6.89-6.92 (m, 1H), 7.12-7.16 (m, 3H), 8.01-8.05 (m, 1H). 
MS (ESI) m/z 561 (M++2). 

(Step 1 0) Synthesis of trans-4-(1 -((2-(5-fluoro-2-methylphenylamino)-4-fluoro-6-benzoxazolyl)acetyl)-(4S)- 
35 fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0581] 



40 




45 

[0582] Methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-4-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyr- 
rolidinylmethoxy)cyclohexanecarboxylate (239 mg, 0.43 mmol) was dissolved in THF/methanol (1/1, 20 ml). To the 
resulting solution was added aqueous 0.25N NaOH (8.50 ml, 2.14 mmol). The resulting mixture was stirred at room 
temperature for 2 hours. The reaction mixture was acidified with 1 N HCI, followed by extraction with chloroform/ meth- 

50 anol (1 0/1 ). The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the 
solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform/methanol (15/1) 
eluate fractions, the title compound (233 mg, 100 %) was obtained as a colorless amorphous substance. 
1 H-NMR (CDCI 3 ) , mixture of amide-isomers, 5: 1 .22-1 .33 (m, 2H), 1 .42-1 .52 (m, 2H), 2.02-2.62 (series of m, 7H), 2.31 
(s, 3H), 3.23-4.42 (series of m, 8H), 4.28-4.42 (m, 1H), 5.17-5.36 (m, 1H), 6.74-6.78 (m, 1H), 6.89-6.92 (m, 1H), 

55 7.11-7.15 (m, 3H), 7.75 (d, J=10.5Hz, 1H). 
MS (ESI) m/z 547 (M + +2). 
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Example 48 

trans-4-(1-((2- (1-Naphthylamino)-7-fluoro^-benzox 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl (2-(1-naphthylamino)-7-fluoro-6-benzoxazolyl)acetate 
[0583] 




15 

[0584] Methyl (4-amino-2-fluoro-3-hydroxyphenyl)acetate (996 mg, 5.00 mmol) was dissolved in methanol (50 ml). 
To the resulting solution was added 1-naphthyl isothiocyanate (926 mg, 5.00 mmol). After the resulting mixture was 
stirred at room temperature for 2 days, mercuric oxide (yellow) (1.08 g, 5.00 mmol) was added thereto. The mixture 
was stirred at 70°C for 3.5 hours. After cooling to room temperature, the reaction mixture was filtered through Celite 
20 and washed with methanol. The filtrate was distilled under reduced pressure to remove the solvent. The crude crystals 
thus obtained were recrystallized from chloroform/n-hexane to give methyl (2-(1-naphthylamino)-7-fluoro-6-benzoxa- 
zolyl)acetate (1 .41 g, 81%) as a pale gray crystalline powder. 

1 H-NMR (CDCI 3 ) 6: 3.717 and 3.723 (each s, total 3H, amide isomers), 3.75 (d, J=1.2Hz, 2H), 7.05 and 7.07 (each d, 
J=6.6 and 6.3Hz respectively, total 1 H, amide isomers), 7.53-7.59 (m, 3H), 7.73 (d, J=8.3Hz, 1 H), 7.92 (dd, J=7.1 ,2.4Hz, 
25 1H), 8.14 (dd, J=7.8,1.0Hz, 1H). 
MS (ESI) m/z 351 (M + +1). 

(Step 2) Synthesis of (2-(1-naphthylamino)-7-fluoro-6-benzoxazolyl)acetic acid 
30 [0585] 



35 




[0586] Methyl (2-{1-naphthylamino)-7-fluoro-6-benzoxazolyl)acetate (1.41 g, 4.02 mmol) was dissolved in THF/ 
methanol (21 , 30 ml). To the resulting solution was added 1 N NaOH (1 0 ml). After stirring at room temperature for 1 2 
40 hours, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue was acidified with 
1N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and 
dried under reduced pressure to give (2-(1-naphthylamino)-7-fluoro-6-benzoxazolyl)acetic acid (1.44 g, 100%) as a 
brown solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.70 (s, 2H), 7.15 (q, J=6.3Hz, 1H), 7.16 (s, 1H), 7.55-7.61 (m, 3H), 7.78 (d, J=7.8Hz, 1H), 7.97 
45 and 7.98 (d and m, J=5.9Hz, total 1H, amide isomers), 8.10 (d, J=7.6Hz, 1H), 8.25-8.30 (m, 1H), 10.64 (br, 1H). MS 
(ESI) m/z 337 (M++1). 

(Step 3) Synthesis of methyl trans-4-(1-((2-(1-naphthylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

50 

[0587] 
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[0588] To a mixture of methyl (2-(1-naphthylamino)-7-fiuoro-6-benzoxazolyl)acetate (168 mg, 0.50 mmol), methyl 
trans-4-((4S)-fluoro-(2S)-pyrrolidiny!methoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Ex- 
ample 21) (130 mg, 0.50 mmol), EDC HCI (144 mg, 0.75 mmol), HOBt (101 mg, 0,75 mmol) and triethylamine (0.35 
ml, 2.50 mmol) was added DMF (5 ml). The resulting mixture was stirred at room temperature for 3 days. The reaction 
mixture was poured in ice water, followed by extraction with ethyl acetate. The extract was washed with saturated 
brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography using a thin-layer plate (TLC), whereby from chloroform/ acetone (10/1) eluate frac- 
tions, methyl trans-4-(1 -((2-(1 -naphthylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate (280 mg, 97%) was obtained as a pale brown oil. 

1 H-NMR (CDCI 3 ) 5: 1.15-1.57 (m, 5H), 1.95-2.53 (m, 8H), 3.19-3.58 (m, 2H), 3.64 and 3.66 (each s, total 3H, amide 
isomers), 3.71 -4.06 (m, 3H), 4.29-45 (m, 1 H), 5.1 7-5.39 (m, 1 H), 6.95-7. 1 1 (m, 2H), 7.51 -7.56 (m, 3H), 7.69 (d, J=7.3Hz, 
1H), 7.89 (m, 1H), 8.07-8,13 (m, 2H), 8.56 (br, 1H). 
MS (ESI)m/z578 (M + +1). 

(Step 4) Synthesis of trans-4-(1 -((2-(1 -naphthylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cycIohexanecarboxylic acid 

[0589] 



f F 




[0590] Methyl trans-4-(1-((2-(1-naphthylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmeth- 
oxy)cyclohexanecarboxylate (280 mg, 0.485 mmol) was dissolved in THF/methanol (2:1, v/v, 15 ml). To the resulting 
solution was added 1N NaOH (5 ml). After stirring at room temperature for 3 days, the reaction mixture was distilled 
under reduced pressure to remove the solvent. The residue was acidified with 1N HCI. The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give the 
title compound (204 mg, 74.6%) as a pale pink solid. 
IR (ATR) v 3278, 2935, 2864, 1701, 1637, 1572, 1452 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.09-1.41 (m, 4H), 1.82-2.36 (m, 7H), 3.19 (m, 2H), 3.36-4.39 (m, 6H), 5.25-5.50 (m, 1H), 
7.01-7.09 (m, 1H), 7.15 and 7.16 (each d, J=2.9 and 3.2Hz respectively, total 1 H, amide isomers), 7.55-7.60 (m, 3H), 
7.77 (d, J=8.3Hz, 1 H), 7.97 and 7.98 (each d, J=3.2 and 2.2Hz respectively, total 1 H, amide isomers), 8.11 (d, J=7.8Hz, 
1H), 8.28 and 8.29 (each d, J=5.1 and 4.2Hz respectively, total 1H, amide isomers), 10.64 (br, 1H), 12.04 (br, 1H). 
MS (ESI)m/z564 (M + +1). 

Example 49 

trans-4- (1-(4-(2-Benzoxazolyl)amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of ethyl (4-(2-benzoxazolyl)amino-3-chlorophenyl)acetate 
[0591] 




[0592] In xylene (10 ml), 2-chlorobenzoxazole (743 u.l, 6.51 mmol) and ethyl 4-amino-3-chlorophenylacetate (1 .30 
g, 6.51 mmol) were heated under reflux for 2 hours. After cooling to room temperature, the reaction mixture was diluted 
with chloroform (50 ml). The mixture was washed with water, dried over anhydrous sodium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
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from n-hexane/ethyl acetate (9:1 , v/v) eluate fractions, ethyl (4-(2-benzoxazolyl)amino-3«chlorophenyl)acetate (1 .70 
g, 79%) was obtained as a pale yellow solid. 

1 H-NMR (CDCI 3 ) 5: 1 .25-1 .28 (m, 3H), 3.58 (s, 2H), 4.1 4-4.19 (m, 2H), 7.1 5-7.19 (m, 1 H), 7.24-7.30 (m, 3H), 7.36-7.38 
(m, 2H), 7.52-7.54 (m, 1H), 8.51-8.53 (m, 1H). 
5 MS (ESI) m/z331 (M + +1). 

(Step 2) Synthesis of (4-(2-benzoxazolyl)amino-3-chlorophenyl)acetic acid 

[0593] 

10 



15 




[0594] Ethyl (4-(2-benzoxazolyl)amino-3-chlorophenyl)acetate (1 .70 g, 5.14 mmol) was dissolved in THF (30 ml). To 
the resulting solution was added 0.5N NaOH (30 ml, 15.0 mmol) under stirring. The resulting mixture was stirred at 
room temperature for 20 hours. The mixture was concentrated and the residue was acidified with ice-1N HCI. The 
20 crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 
reduced pressure to give (4-(2-benzoxazolyl)amino-3-chlorophenyl)acetic acid (1 .24 g, 80%) as a pale yellow crystal- 
line powder. 

1 H-NMR (DMSO-d 6 ) 5: 3.62 (s, 2H), 7.10-7.19 (m, 1H), 7.21-7.28 (m, 1H), 7.30-7.31 (m, 1H), 7.38-7.40 (m, 1H), 
7.45-7.49 (m, 3H), 7.94-7.96 (m, 1H). 

25 

(Step 3) Synthesis of methyl trans-4-(1-(4-(2-benzoxazolyl)amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0595] 

30 



35 




[0596] In DMF (5 ml), (4-(2-benzoxazolyl)amino-3-chlorophenyl)acetic acid (247 mg, 0.82 mmol), methyl trans- 
40 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 
21) (225 mg, 0.87 mmol), EDC-HCI (235 mg, 1 .23 mmol), HOBt (1 66 mg, 1 .23 mmol), and triethylamine (171 uJ, 1 .23 
mmol) were stirred at room temperature for 5 hours. To the reaction mixture was added water (20 ml), followed by 
extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
45 column, whereby from chloroform/methanol (60:1, v/v) eluate fractions, trans-4-(1-(4-(2-benzoxazolyl)amino-3-chlo- 
rophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (454 mg, 100%) was obtained as a pale 
yellow amorphous substance. 

1 H-NMR (CDCI3) 5: 1 .18-1 .53 (m, 4H), 1 .97-2.51 (m, 7H), 3.23-3.36 and 3.49-3.59 (each m, total 2H), 3.63-4.01 (m, 
8H), 4.19-4.24 and 4.35-4.41 (each m, total 1H), 5.17-5.20 and 5.30-5.33 (each m, total 1H), 7.15-7.19 (m, 1H), 
so 7.24-7.27 (m, 2H), 7.36-7.38 (m, 2H), 7.52-7.54 (m, 1 H), 8.47-8.53 (m, 1 H). 
MS (ESI) m/z 544 (M++1). 
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(Step 4) Synthesis of trans-4-(1-(4-(2-benzoxazolyl)amino-3-chloropheny!acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0597] 



CI 



[0598] To methyl trans-4-(1 «(4-(2-benzoxazolyl)amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate (454 mg, 0.83 mmol) were added THF (5 ml) and 0.5N NaOH (5.0 ml, 2.50 mmol), followed 

*5 by stirring at room temperature for 15 hours. The reaction mixture was poured in ice-1 N H to acidify the mixture, followed 
by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from chloroform/methanol (50:1, v/v) eluate fractions, the title compound (359 mg, 81%) was 
obtained as a colorless amorphous substance. 

20 1H-NMR (CDCI 3 ) 8: 1.21-1.34 (m, 2H), 1.43-1.55 (m, 2H), 2.02-2.51 (m, 7H), 3.24-3.37 and 3.47-3.52 (each m, total 
2H), 3.58-4.01 (m, 5 H), 4.19-4.25 and 4.35-4.41 (each m, total 1H), 5.16-5.19 and 5.30-5.32 (each m, total 1H), 
7.12-7.16 (m, 1H), 7.22-7.25 (m, 2H), 7.33-7.36 (m, 2H), 7.47-7.49 (m, 1H), 8.27-8.32 (m, 1H). 
MS (ESI) m/z530 (M + +1); 

Anal. Calcd for CayH^CIFNaOg-SMhlgO: C, 58.69; H, 5.75; N, 7.61 . 
25 Found: C, 58.74; H, 5.17; N, 7.38. 

Example 50 

trans-4-(1-(4-(2-Benzoxazolyl)amino-3-methylphenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
30 cyclohexanecarboxylic acid: 

(Step 1) Synthesis of tert-butyl (4-(2-benzoxazolyl)amino-3-methylphenyl)acetate 

[0599] 



40 




[0600] In xylene (20 ml), 2-chlorobenzoxazole (845 p.l, 7.40 mmol) and tert-butyl 4-amino-3-methylphenylacetate 
(1.26 g, 5.69 mmol) were heated under reflux for 2 hours under stirring. After cooling to room temperature, the reaction 
mixture was distilled under reduced pressure to remove the solvent. The residue was dissolved in chloroform/methanol 
45 (9:1 1 v/v, 100 ml). The resulting solution was washed with water, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from n-hexane/ ethyl acetate (4:1 , v/v) eluate fractions, tert-butyl (4-(2-benzoxazolyl)amino-3-methylphenyl) 
acetate (1 .1 7 g, 61%) was obtained as a yellow amorphous substance. 

1 H-NMR (CDCI3) 6: 1 .46 (s, 9 H), 2.30 (s, 3H), 3.49 (s, 2H), 7.05-7.24 (m, 4H), 7.27-7.29 (m, 1H), 7.38-7.40 (m, 1H), 
50 7.86-7.88 (m, 2H). 
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(Step 2) Synthesis of (4-(2-benzoxazoryl)amino-3-methylphenyl)acetic acid 
[0601] 




10 

[0602] In methylene chloride (10 ml) was dissolved tert-butyl (4-(2-benzoxazolyl)amino-3-methylphenyl)acetate 
(1 .17 g, 3.46 mmol). To the resulting solution was added trifluoroacetic acid (10 ml). The resulting mixture was stirred 
at room temperature for 20 hours. The reaction mixture was poured in ice water, followed by extraction with ethyl 
acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced 
is pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
chloroform/methanol (60:1 to 50:1, v/v) eluate fractions, (4-(2-benzoxazolyl)amino-3-methylphenyl)acetic acid (924 
mg, 95%) was obtained as a pale yellow solid. 

1 H-NMR (CDCI 3 ) 8: 2.38 (s, 3H), 3.68 (s, 2H), 7.22-7.29 (m, 4H), 7.36-7.42 (m, 3H), 7.48-7.52 (m, 1H). 
MS (ESI) m/z 283 (M + +1). 

20 

(Step 3) Synthesis of methyl trans-4-(1-(4-(2-benzoxazolyl)amino-3-methylphenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0603] 

25 

[0604] To a mixture of (4-(2-benzoxazolyl)amino-3-methylphenyl)acetic acid (220 mg, 0.78 mmol), methyl trans- 
4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 

35 21 ) (21 0 mg, 0.80 mmol), EDC-HCI (224 mg, 1 .1 7 mmol), HOBt (1 58 mg, 1 .1 7 mmol), and triethylamine (1 63 uJ, 1 .1 7 
mmol) was added DMF (5 ml). The resulting mixture was stirred at room temperature for 15 hours. To the reaction 
mixture was added water, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from chloroform/methanol (60:1 , v/v) eluate fractions, methyl trans- 

40 4-(1-(4-(2-benzoxazolyl)amino-3-methylphenylace^ 

(380 mg, 93%) was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI3) 5: 1 .26-1 .46 (m, 4H), 1 .99-2.46 (m, 1 0H), 3.25-3.89 (m, 1 0H), 4.23-4.25 and 4.38 (each m, total 1 H), 
5.1 9 and 5.32 (each m, total 1 H), 7.08-7.21 (m, 4H), 7.28-7.29 (m, 1 H), 7.41 -7.43 (m, 1 H), 7.67 (broad s, 1 H), 7.87-7.93 
(m, 1H). 

45 MS(ESI)m/z524(M + +1) . 

(Step 4) Synthesis of trans-4-(1 -(4-(2-benzoxazolyl)amino-3-methylphenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxy!ic acid 

so [0605] 
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[0606] In THF (5 ml) was dissolved methyl trans-4-(1-(4-(2-benzoxa2olyl)amino-3-methylphenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (380 mg, 0.73 mmol). To the resulting solution was added 
0.5N NaOH (5.0 ml, 2.50 mmol). The resulting mixture was stirred at room temperature for 3 hours. The reaction mixture 
was poured in ice 1 N HCI, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
5 over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from chloroform/ methanol (60:1 to 50:1 , v/v) eluate fractions, the 
title compound (155 mg, 42%) was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI 3 ) 5: 1.24-1.35 (m, 2H), 1.43-1.54 (m, 2H), 1.99-2.15 (m, 4H), 2.24-2.52 (m, total 6H), 3.25-4.02 (m, 
7H), 4.21-4.27 and 4.37-4.43 (each m, total 1H), 5.17-5.21 and 5.30-5.34 (each m, total 1H), 7.07-7.23 (m, 4H), 
10 7.30-7.40 (m, 2H), 7.69-7.74 (m, 1 H). 
MS (ESI) m/z510(M + +1); 

Anal. Calcd for CggH^FI^Og.lteHaO: C, 64.85; H, 6.41; N, 8.10. 
Found: C, 64.75; H, 6.56; N, 7.65. 

15 Example 51 

trans-4-(1-(3-(2-Benzoxazolyl)amino-2-chloro-6-pyridylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

20 (step 1 ) Synthesis of ethyl (3-(2-benzoxazolyl)amino-2-chloro-6-pyridyl)acetate 

[0607] 



25 




30 [0608] In xylene (100 ml), 2-chlorobenzoxazole (326 u.l, 2.86 mmol) and ethyl (3-amino-2-chloro-6-pyridyl)acetate 
(557 mg, 2.59 mmol) were heated under reflux for 4 hours under stirring. After the reaction mixture was cooled to room 
temperature, the solvent was distilled off under reduced pressure. The residue was purified by chromatography on a 
silica gel column, whereby from n-hexane/ethyl acetate (3:1, v/v) eluate fractions, ethyl (3-(2-benzoxazolyl)amino- 
2-chloro-6-pyridyl)acetate (460 mg, 53%) was obtained as a colorless gum. 

35 1H-NMR (CDCI3) 5: 1 .25-1 .28 (m, 3H), 3.79 (s, 2H), 4.1 6-4.21 (m, 2H), 7.14-7.1 8 (m, 1 H), 7.22-7.26 (m, 1 H), 7.31 -7.36 
(m, 3H) 7.49-7.51 (m, 1H), 8.86-8.89 (m, 1H). 
MS (ESI) m/z332 (M++1). 

(Step 2) Synthesis of (3-(2-benzoxazolyl)amino-2-chloro-6-pyridyl)acetic acid 

40 

[0609] 



45 




[0610] In THF (8 ml) was dissolved ethyl (3-(2-benzoxazolyl)amino-2-chloro-6-pyridyl)acetate (460 mg, 1 .39 mmol). 
so To the resulting solution was added 0.5N NaOH (8.0 ml, 4.00 mmol). The resulting mixture was stirred at room tem- 
perature for 1 hour. The reaction mixture was poured in ice-1 N HCI to acidify the mixture. The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give 
(3-(2-benzoxazolyl)amino-2-chloro-6-pyridyl)acetic acid (332 mg, 79%) as a white solid, 

1 H-NMR (DMSO-d 6 ) 6: 3.30 (s, 2H), 6.68-6.72 (m, 1H), 6.76-6.80 (m, 1H), 6.96-7.06 (m, 3H), 8.00-8.02 (m, 1H). 
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(Step 3) Synthesis of methyl trans-4-(1-(3-(2-benzoxazolyl)amino-2-chloro-6-pyridylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0611] 



5 



10 




[0612] To a mixture of (3-(2-benzoxazolyl)amino-2-chioro-6-pyridyl)acetic acid (153 mg, 0.50 mmol), methyl trans- 
4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 
15 21) (131 mg, 0.51 mmol), EDC-HCt (145 mg, 0.76 mmol), HOBt (102 mg, 0.75 mmol), and triethylamine (105 uJ, 0.75 
mmol) was added DMF (5 ml). 

The resulting mixture was stirred at room temperature for 2 days. To the reaction mixture was added water, followed 
by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
20 gel column, whereby from n-hexane-ethyl acetate (1:2, v/v) eluate fractions, methyl trans-4-(1-(3-(2-benzoxazolyl) 
amino-2-chloro-6-pyridylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (270 mg, 98%) was ob- 
tained as a colorless thick sticky liquid. 

1 H-NMR (CDCI 3 ) 5: 1.24-1.29 (m, 2H), 1.39-1.53 (m, 2H), 1.96-2.52 (m, 7H), 3.22-3.36 and 3.50-3.54 (each m, total 
2H), 3.64-4.14 (m, 8H), 4.38 and 4.45-4.47 (each m, total 1H), 5,20-5.23 and 5.34 (each m, total 1H), 7.15-7.27 (m, 
25 2H), 7.35-7.39 (m, 2H) , 7.50-7.52 (m, 1 H), 7.72 (broad s, 1 H), 8.83-8.89 (m, 1 H). 
MS (ESI) m/z545 (M++1). 

(Step 4) Synthesis of trans-4-(1 -(3-(2-benzoxazolyl)amino-2-chloro-6-pyridylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

30 



40 [0614] In THF (3.0 ml) was dissolved methyl trans-4-(1-(3-(2-benzoxazolyl)amino-2-chloro-6-pyridylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinyImethoxy)cyclohexanecarboxylate (270 mg, 0.50 mmol). To the resulting solution was added 
0.5N NaOH (3.0 ml, 1 .50 mmol). The resulting mixture was stirred at room temperature for 1 hour. The reaction mixture 
was poured in ice-1 N HCI to acidify the mixture. The crystals thus precipitated were collected by filtration under reduced 
pressure, washed with n-hexane, and dried under reduced pressure to give the title compound (192 mg, 73%) as a 

45 pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 5: 1.21-1.36 (m, 4H), 1.83-2.23 (m, 7H), 3.18-4.07 (m, 7H), 4.12 and 4.38 (each m, total 1H), 
5.25-5.31 and 5.39-5.45 (each m, total 1H), 7.11-7.15 (m, 1H), 7.19-7.23 (m, 1H), 7.36-7.40 (m, 2H), 7.47-7.49 (m, 
1H), 8.42 (m, 1H). 
MS (ESI)m/z531 (M++1); 
so Anal. Calcd for C 26 H 28 CIFN 4 0 5 -1/2H 2 0: C, 57.83; H, 5.41 ; N, 10.38. 
Found: C, 58.03; H, 5.70; N, 9.62. 



[0613] 



35 
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Example 52 



10 



15 



20 



25 



30 



35 



40 



45 



50 



trans-4-(1-(3-Chloro-4-(2-(4-methylbenzoxazolyl))am 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 2-amino-3-methylphenol 



[0616] In methanol (20 ml), 10% palladium-carbon (0.30 g, 20 wt%) was added to 3-methyl-2-nitrophenol (1.50 g, 
9.80 mmol) and they were subjected to catalytic hydrogenation for 4 days. From the reaction mixture, an insoluble 
matter was filtered off through Celite. The filtrate was distilled under reduced pressure to remove the solvent to give 
2-amino-3-methylphenol (1 .19 g, 99%) as a brown oil. 
1 H-NMR (CDCI 3 ) 5: 2.19 (s, 3H), 6.60-6.62 (m, 2H), 6.68-6.71 (m, 1H). 

(Step 2) Synthesis of methyl 3-chldro-4-isothiocyanatophenylacetate 



[0618] Calcium carbonate (626 mg, 6.25 mmol) and thiophosgene (1 91 uJ, 2.51 mmol) were suspended in methylene 
chloride-water (10 ml, 1:1, v/v). To the resulting suspension was added a solution of methyl 4-amino-3-chloropheny- 
lacetate (500 mg, 2.50 mmol) in methylene chloride (5 ml) under stirring at 0°C. The temperature of the reaction mixture 
was raised from 0°C to room temperature over 1 .5 hours. The reaction mixture was acidified with 1 N HCI, followed by 
extraction with methylene chloride. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, 
and distilled under reduced pressure to remove the solvent to give methyl 3-chloro-4-isothiocyanatophenylacetate (652 
mg, 1 00%) as a yellow oil. 
MS (ESI) m/z 241 (M + ). 

(Step 3) Synthesis of methyl (3-chloro-4-(2-(4-methylbenzoxa20lyl))aminophenyl)acetate 



[0620] Toluene (15 ml) was added to a mixture of methyl 3-chloro-4-isothiocyanatophenylacetate (652 mg, 2.50 
mmol) and 2-amino-3-methylphenol (307 mg, 2.50 mmol). The resulting mixture was heated under reflux for 2 hours. 
Mercuric oxide (yellow) (541 mg, 2.50 mmol) was added to the reaction mixture. The resulting mixture was heated 
under reflux for 5 hours. After cooling to room temperature, the reaction mixture was filtered through Celite, and washed 
with methanol. The filtrate was distilled under reduced pressure to remove the solvent. The residue wad purified by 
chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (7:1 , v/v) eluate fractions, methyl (3-chlo- 
ro-4-(2-(4-methylbenzoxazolyl))aminophenyl)acetate (359 mg, 43%) was obtained as a black oil. 
1 H-NMR (CDCI3) 8: 2.55 (s, 3H), 3.58 (s, 2H), 3.70 (s, 3H), 7.02-7.06 (m, 2H), 7.11-7.19 (m, 1H), 7.25-7.28 (m, 1H), 
7.33-7.34 (m, 1H), 7.50 (broad s, 1H), 8.54-8.56 (m, 1H). 
MS (ESI) m/z 331 (M++1). 



[0615] 
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(Step 4) Synthesis of (3-chloro-4-(2-(4-methylbenzoxa20lyl))aminophenyl)acetic acid 



[0621] 




[0622] Methyl (3-chloro-4-(2-(4-methylbenzoxazolyl))aminophenyl)acetate (359 mg, 1 .08 mmol) was dissolved in 
THF (6 ml). To the resulting solution was added 0.5N NaOH (6.5 ml, 3.25 mmol) . The resulting mixture was stirred at 
room temperature for 4 hours. The reaction mixture was poured in ice-1N HCI to acidify the mixture, followed by ex- 
traction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and 
distilled under reduced pressure to remove the solvent to give (3-chloro-4-(2-(4-methylbenzoxazolyl))aminophenyl) 
acetic acid (281 mg, 82%) as a brown solid. 

1 H-NMR (CDCI 3 ) 5: 2.55 (s, 3H), 3.57 (s, 2H) , 6.72-6.74 (m, 1 H). 7.04-7.06 (m, 2H), 7.1 8-7.20 (m, 2H), 8.46-8.48 (m, 
1H). 

MS(ESI)m/z317(M + +1). 

(Step 5) Synthesis of methyl trans-4-(1-(3-chloro-4-(2-(4-methylbenzoxazolyl))aminophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0624] To a mixture of methyl (4-(2-(4-methylbenzoxazolyl))amino-3-chlorophenyl)acetate (281 mg, 0.89 mmol), me- 
thyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of 
Example 21) (230 mg, 0.89 mmol), EDC-HCI(255 mg, 1.33 mmol), HOBt (180 mg, 1.33 mmol), and triethylamine (185 
u,l, 1.33 mmol) was added DMF (8 ml). The resulting mixture was stirred at room temperature for 15 hours. To the 
reaction mixture was added water, followed by extraction with ethyl acetate. The extract was washed with saturated 
brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from toluene/acetone (6:1 , v/v) eluate fractions, methyl 
trans-4-(1-(3-chloro-4-(2-(4-methylbenzoxazolyl))aminophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohex- 
anecarboxylate (368 mg, 74%) was obtained as a white amorphous substance. 

1 H-NMR (CDCI3) 8: 1.20-1.53 (m, 4H), 1.97-2.32 (m, 7H), 2.56 (s, 3H), 3.23-3.36 and 3.49-3.52 (each m, total 2H), 
3.57-4.11 (m, 8H), 4.19-4.23 and 4.37 (each m, total 1H), 5.17-5.19 and 5.31-5.32 (each m, total 1H), 7.05-7.06 (m, 
2H), 7.16-7.24 (m, 2H), 7.34-7.36 (m, 1H), 7.50 (broad s, 1H), 8.52-8.57 (m, 1H). 
MS (ESI)m/z558 (M++1). 

(Step 6) Synthesis of trans-4-(1 -(3-chloro-4-(2-(4-methylbenzoxazolyl))aminophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[0623] 




[0625] 




145 



EP 1 346 982 A1 



[0626] In THF (4 ml) was dissolved methyl trans-4-(1-(3-chloro-4-(2-(4-methylbenzoxazolyl) )aminophenylacetyl) 
-(45)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (368 mg, 0.66 mmol). To the resulting solution was add- 
ed 0.5N NaOH (4.0 ml, 2.00 mmol). The resulting mixture was stirred at room temperature for 15 hours. The reaction 
mixture was poured in ice- 1 N HCI to acidify the mixture. The crystals thus precipitated were collected by filtration under 
5 reduced pressure, washed with water and dried under reduced pressure to give the title compound (1 39 mg, 39%) as 
a brown solid. 

1 H-NMR (DMSO-d 6 ) 8: 1 .15-1 .36 (m, 4H), 1 .87-2.20 (m, 7H), 2.39 (s, 3H), 3.15-3.87 (m, 7H), 4.13 and 4.32-4.34 (each 
m, total 1H), 5.24-5.31 and 5.37-5.44 (each m, total 1H), 6.97-7.02 (m, 2H), 7.21-7.26 (m, 2H), 7.37-7.38 (m, 1H), 
7.89-7.93 (m, 1H). 
10 MS(ESI)m/z544(M + +1); 

Anal. Calcd for C2 8 H 31 CIFN 3 0 5 .1/4H 2 0: C, 61 .31 ; H, 5.79; N, 7.66. 
Found: C, 61.14; H, 6.06; N, 6.97. 

Example 53 

15 

trans-4-(1-(3-Chloro-4-(2-(7-fluoroben20xa2olyl))aminophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid : 

(Step 1) Synthesis of methyl (3-chloro-4-(2-(7-fluorobenzoxazolyl))aminophenyl)acetate 

20 

[0627] 



25 




30 [0628] Toluene (15 ml) was added to a mixture of methyl 3-chloro-4-isothiocyanatophenylacetate (672 mg, 2.78 
mmol) and 2-amino-6-fluorophenol (353 mg, 2.78 mmol). The resulting mixture was heated under reflux for 1 .5 hours. 
Mercuric oxide (yellow) (1 .03 g, 4.75 mmol) was added to the reaction mixture. The resulting mixture was heated under 
reflux for 1 0 hours. After cooling to room temperature, the reaction mixture was filtered through Celite. The filtrate was 
washed with methanol, and distilled under reduced pressure to remove the solvent. The residue was purified by chro- 

35 matography on a silica gel column, whereby from n-hexane/ethyl acetate (7:1 , v/v) eluate fractions, methyl (3-chloro- 
4-(2-(7-fluorobenzoxazolyl))aminophenyl)acetate (109 mg, 12%) was obtained as a yellow solid. 
1 H-NMR (CDCI 3 ) 8: 3.60 (s, 2H), 3.71 (s, 3H), 6.91-6.96 (m, 1H), 7.15-7.21 (m, 1H), 7.27-7.32 (m, 2H), 7.37-7.38 (m, 
1 H), 7.59 (broad s, 1 H), 8.49 (d, J=8.3Hz, 1 H). 
MS (ESI) m/z 335 (M++1). 

40 

(Step 2) Synthesis of (3-chloro-4-(2-(7-fluorobenzoxazolyl))aminophenyl)acetic acid 
[0629] 




50 J 

[0630] Methyl (3-chloro-4-(2-(7-fluorobenzoxazolyl))aminophenyl)acetate (1 09 mg, 0.33 mmol) was dissolved in THF 
(4 ml). To the resulting solution was added 0.25 N NaOH (4.0 ml, 1 .00 mmol). The resulting mixture was stirred at room 
temperature for 1 hour. The reaction mixture was poured in -1 N HCI to acidify the mixture. The crystals thus precipitated 
55 were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give 
(3-chloro-4-(2-(7-fluorobenzoxazolyl))aminophenyl)acetic acid (95 mg, 91%) as a brown solid. 
MS (ESI), m/z 321 (M++1). 
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(Step 3) Synthesis of methyl trans-4-(1-(3K:hloro-4-(2-(7-fluorobenzoxa^olyl))aminophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0632] DMF (4 ml) was added to a mixture of (3-chloro-4-(2-(7-fluorobenzoxazolyl))aminophenyl)acetic acid (95 mg, 
0.30 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized 
in (Step 3) of Example 21) (77 mg, 0.30 mmol), EDC-HCI (85 mg, 0.44 mmol), HOBt (60 mg, 0.44 mmol), and triethyl- 
amine (62 u.1, 0.44 mmol). The resulting mixture was stirred at room temperature for 7 hours. To the reaction mixture 
was added water, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over 
anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column, whereby from toluene/acetone (6:1, v/v) eluate fractions, methyl trans- 
4-(1-(3-chloro-4-(2-(7-fluorobenzoxazolyl))aminophenylacetyl) - (4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexane- 
carboxylate (166 mg, 200%) was obtained as a pale yellow thick sticky liquid. 

1 H-NMR (CDCI 3 ) 5: 1.18-1 .32 (m, 2H), 1 .39-1 .53 (m, 2H), 1 .97-2.08 (m, 4H), 2.1 9-2.52 (m, 3H), 3.23-3.29 and 3.32-3.54 
(each m, total 2H), 3.58-4.01 (m, 8H), 4.19-4.25 and 4.35-4.41 (each m, total 1H), 5.17-5.20 and 5.30-5.34 (each m, 
total 1H), 6.91-6.96 (m, 1H), 7.15-7.31 (m, 3H), 7.36-7.38 <m, 1H), 7.62 (broad s, 1H), 8.44-8.49 (m, 1H). 
MS (ESI)m/z562 (M + +1). 

(Step 4) Synthesis of trans-4-(1-(3-chloro-4-(2-(7-fluorobenzoxazolyl))aminophenylacetyl)-(4S)-fiuoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[0634] In THF (3.6 ml) was dissolved methyl trans-4-(1-(3-chloro-4-(2-(7-fluorobenzoxazolyl))aminophenylacetyl) 
-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (1 66 mg, 0.30 mmol). To the resulting solution was add- 
ed 0.25 N NaOH (3.6 ml, 0.90 mmol). The resulting mixture was stirred at room temperature for 12 hours. The reaction 
mixture was poured in -1 N HCI to acidify the mixture. The crystals thus precipitated were collected by filtration under 
reduced pressure, washed with water and dried under reduced pressure to give the title compound (101 mg, 62%) as 
a brown solid. 

1 H-NMR (DMSO-d 6 ) 5: 1,15-1 .39 (m, 4H), 1 .84-2.28 (m, 7H), 3.14-3.88 (m, 7H), 4.12 and 4.30-4.34 (each m, total 1H), 
5.23-5.30 and 5.37-5.44 (each m, total 1 H), 7.00-7.05 (m, 1 H), 7.1 8-7.25 (m, 3H), 7.37-7.39 (m, 1 H), 7.87-7.90 (m, 1 H) . 
MS (FAB) m/z 548 (M + +1); 

Anal. CalcdforC 27 H 28 CIF 2 N30 5 .1/4H 2 0: C, 58.70; H, 5.20; N, 7.61. 
Found: C, 58.90; H, 5.59; N, 6.77. 



[0631] 




[0633] 
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Example 54 

trans-4-(1-(3-Chloro-4-(2-(5-fluorobenzoxa20lyl))aminophenylacetyl) - (4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 2-amino-4-fluorophenol 

[0635] 




[0636] In methanol (20 ml) was dissolved 4-fluoro-2-nitrophenol (1 .00 g, 6.37 mmol). To the resulting solution was 
added 10% palladium-carbon (0.20 g, 20 wt%). The resulting mixture was subjected to catalytic hydrogenation under 
stirring for 2 days. After the reaction mixture was filtered through Celite to remove the catalyst, the filtrate was distilled 
under reduced pressure to remove the solvent, whereby 2-amino-4-fluorophenol (850 mg, 100%) was obtained as a 
reddish brown solid. 

1 H-NMR (CDCI 3 ) 6: 3.93 (broad s r 2H), 6.30-6.35 (m, 1H), 6.44-6.48 (m, 1H), 6.62-6.65 (m, 1H). 
MS (ESI) m/z 169 (M + +1+MeCN). 

(Step 2) Synthesis of methyl (3-chloro-4«(2-(5-fluorobenzoxazolyl))aminophenyl)acetate 
[0637] 




[0638] To a mixture of methyl 3-chloro-4-isothiocyanatophenylacetate (950 mg, 3.93 mmol) and 2-amino-4-fluoroph- 
enol (500 mg, 3.93 mmol) was added toluene (15 ml) and the mixture was heated under reflux for 2 hours. Mercuric 
oxide (yellow) (1 .03 g, 4.75 mmol) was then added to the reaction mixture. The resulting mixture was heated under 
reflux for 2.5 hours. After cooling to room temperature, the reaction mixture was filtered through Celite. The filtrate was 
washed with methanol and then, distilled under reduced pressure to remove the solvent. The residue wad purified by 
chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (7:1 , v/v) eluate fractions, methyl (3-chlo- 
ro-4-(2-(5-fluorobenzoxazolyl))aminophenyl)acetate (107 mg, 8%) was obtained as a brown solid. 
1 H-NMR (CDCI 3 )6: 3.60 (s, 2H), 3.71 (s, 3H) , 6.85-6.90 (m, 1H), 7.20-7.23 (m, 1H), 7.25-7.30 (m, 2H), 7.37-7.38 (m, 
1 H), 7,52 (broad s, 1 H), 8.45-8.47 (m, 1 H). 
MS (ESI) m/z 335 (M++1). 

(Step 3) Synthesis of (3-chloro-4-(2-(5-fluorobenzoxazolyl))aminophenyl)acetic acid 
[0639] 



[0640] Methyl (3-chloro-4-(2-(5-fluorobenzoxazolyl))aminophenyl)acetate (1 48 mg, 0.44 mmol) was dissolved in TH F 
(3 ml). To the resulting solution was added 0.5N NaOH (3.0 ml, 1.50 mmol), and the mixture was stirred at room 
temperature for 7 hours. The reaction mixture was poured in ice-1N HCl to acidify the mixture. The crystals thus pre- 
cipitated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to 
give (3-ch!oro-4-(2-(5-fluorobenzoxazolyl))aminophenyl)acetic acid (129 mg, 91%) as a brown solid. 
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1 H-NMR (DMSO-dg) 5: 3.62 (s, 2H), 6.89-6.94 (m, 1H), 7.21-7.30 (m, 2H), 7.45-7.49 (m, 2H), 7.85-7.87 (m, 1k), 10.16 
(broad s, 1H), 12.44 (broad s, 1H). 
MS (ESI)m/2 321 (M++1). 

5 (Step 4) Synthesis of methyl trans-4-(1 -(3-chloro-4-(2-(5-fluorobenzoxazolyt))aminophenylacetyl)-(4S)-f luoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0641] 



w 

F 

v 

[0642] In DMF (5 ml), a mixture of (3-chloro-4-(2-(5-fluorobenzoxazolyl))aminophenyl)acetic acid (129 mg, 0.40 
mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in 

20 (Step 3) of Example 21) (104 mg, 0.40 mmol), EDC-HCI (116 mg, 0.61 mmol), HOBt (82 mg, 0.61 mmol) and triethyl- 
amine (84 uJ, 0.60 mmol) was stirred at room temperature for 20 hours. The reaction mixture was poured in water, and 
the crystals thus precipitated were collected by filtration under reduced pressure. The crude crystals were dissolved 
in ethyl acetate. The solution was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 

25 whereby from toluene/acetone (6:1 , v/v) eluate fractions, methyl trans-4-(1 -(3-chloro-4-(2-(5-fluorobenzoxazolyl))ami- 
nophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (222 mg, 98%) was obtained as a pale 
yellow thick sticky liquid. 

1 H-NMR (CDCI 3 ) 5: 1.14-1 .32 (m, 2H) , 1.39-1.53 (m, 2H), 1.96-2.51 (m, 7H), 3.21-3.37 and 3.49-3.54 (each m, total 
2H), 3.58-4.01 (m, 8H), 4.19-4.25 and 4.35-4.40 (each m, total 1H), 5.17-5.20 and 5.30-5.33 (each m, total 1H), 
30 6.83-6.89 (m, 1H), 7.13-7.28 (m, 3H), 7.36-7.37 (m, 1H), 7.52 (broad s, 1H), 8.40-8.46 (m, 1H). 
MS (ESI)m/z562 (M + +1). 



(Step 5) Synthesis of trans-4-(1 -(3-chloro-4-(2-(5-fluorobenzoxazolyl))aminophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

35 

[0643] 



40 




45 [0644] Methyl trans-4-(1 -(3-chloro-4-(2-(5-fluorobenzoxazolyl))aminophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (222 mg, 0.40 mmol) was dissolved in THF (4.5 ml). To the resulting solution was 
added 0.25 N NaOH (4.5 ml, 1.13 mmol). The resulting mixture was stirred at room temperature for 13 hours. The 
reaction mixture was poured in -1 N HCI to acidify the mixture. The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water and dried under reduced pressure to give the title compound (149 mg, 

so 69%) as a pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 5: 1 .1 6-1 .38 (m, 4H), 1 .88-1 .95 (m, 4H), 2.1 5-2.21 (m, 3H), 3.1 6-3.88 (m, 7H), 4.1 3 and 4.33-4.35 
(each m, total 1H), 5.25-5.33 and 5.39-5.46 (each m, total 1H), 6.89-6.93 (m, 1H), 7.21-7.25 (m, 2H), 7.39-7.40 (m, 
1H), 7.46-7.49 (m, 1H), 7.83-7.86 (m, 1H). 
MS (FAB) m/z 548 (M++1); 

55 Anal. Calcd for C 2 7H28CIF 2 N 3 0 5 -1/2H 2 0: C, 58.22; H, 5.25; N, 7.54. 
Found: C, 58.57; H, 5.49; N, 6.97. 
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Example 55 



trans^-(1-(4-(2-Benzoxazolyl)amino-5^hloro 
cyclohexanecarboxylic acid: 



5 



(Step 1) Synthesis of ethyl (4-(2-benzoxazolyl)amino-5-chloro-2-fIuorophenyl)acetate 



[0645] 



w 



F 




r Y^CO,Et 



15 



[0646] In xylene (4 ml), 2-chlorobenzoxazole (278 \i\ t 2.43 mmol) and ethyl (4-amino-5-chloro-2-fluorophenyl) acetate 
(512 mg, 2.21 mmol) were heated under reflux for 2 hours. After the reaction mixture was cooled to room temperature, 
the solvent was distilled off under reduced pressure. The residue was dissolved in ethyl acetate. The resulting solution 
20 was washed with a saturated aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate, and dis- 
tilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column , 
whereby from n-hexane/ethyl acetate (7:1, v/v) eluate fractions, ethyl (4-(2-benzoxazolyl)amino-5-chloro-2-fluorophe- 
nyl)acetate (570 mg, 74%) was obtained as a pale yellow solid. 

1 H-NMR (CDCI 3 ) 5: 1.27 (t, J=7.1Hz, 3H), 3.62 (s, 2H), 4.19 (q, J=7.1Hz, 2H), 7.16-7.38 (m, 3H), 7.53-7.56 (m, 2H). 
25 8.47-8.50 (m, 1H). 

MS(ESI)m/z349 (M + +1). 

(Step 2) Synthesis of (4-(2-benzoxazolyl)amino-5-chloro-2-fluorophenyl)acetic acid 



[0648] Ethyl (4-(2-benzoxazolyl)amino-5-chloro-2-fluorophenyl)acetate (570 mg, 1 .63 mmol) was dissolved in THF 
40 (5 ml). To the resulting solution was added 1 N NaOH (5.0 ml, 5.00 mmol), followed by stirring at room temperature for 
20 hours. The reaction mixture was poured in ice-1N HCI to acidify therewith. The crystals thus precipitated were 
collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give (4-(2-ben- 
zoxazolyl)amino-5-chloro-2-ftuorophenyl)acetic acid (497 mg, 95%) as a brown solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.64 (s, 2H) t 7.14-7.17 (m, 1H), 7.21-7.26 (m, 1H), 7.45-7.55 (m, 3H), 8.07-8.10 (m, 1H). 
45 MS(ESI)m/z321 (M + +1). 

(Step 3) Synthesis of methyl trans-4-(1-(4-(2-benzoxazolyl)amino-5-chloro-2-fluorophenylacetyl)-(45)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



30 [0647] 



35 




50 [0649] 



55 
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[0650] To a mixture of (4-(2-benzoxazolyl)amino-5-chloro-2-fluorophenyl)acetic acid (140 mg, 0.44 mmol), methyl 
trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexane-carboxylate (the compound synthesized in (Step 3) of Ex- 
ample 21) (104 mg, 0.40 mmol), EDC-HCI (115 mg, 0.60 mmol), HOBt (81 mg, 0,60 mmol), and triethylamine (84 uJ, 
0.60 mmol) was added DMF (5 ml). The resulting mixture was stirred at room temperature for 18 hours. Water was 

s added to the reaction mixture. The crystals thus precipitated were collected by filtration under reduced pressure, 
washed with water and dried under reduced pressure to give methyl trans-4-(1-(4-(2-benzoxa2olyl)amino-5-chloro- 
2-fluorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)-cyclohexanecarboxylate (223 mg, 99%) as a brown solid. 
1 H-NMR (CDCI 3 ) 5: 1.23-1.46 (m, 4H), 1.97-2.32 (m, 7H) , 3.24-3.58 (m, 2H), 3.65-3.98 (m, 8H), 4.30-4.37 (m, 1H), 
5.20-5.24 and 5.33-5.37 (each m, total 1H), 7.17-7.21 (m, 1H), 7.25-7.29 (m, 1H), 7.37-7.41 (m, 2H), 7.54-7.56 (m, 

10 1H), 8.44-8.50 (m,1H). 
MS (ESI) m/z 562 (M + +1). 

(Step 4) Synthesis of trans-4-(1-(4-(2-benzoxazolyl)amino-5-chloro-2-fluorophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

15 

[0651] 



F 



20 




25 [0652] Methyl trans-4-(1 -(4-(2-benzoxazolyl)amino-5-chloro-2-fluorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (223 mg, 0.40 mmol) was dissolved in THF (3.0 ml). To the reuslting solution was 
added 0.5N NaOH (2.5 ml, 1.25 mmol). The resulting mixture was stirred at room temperature for 1.5 hours. The 
reaction mixture was poured in ice-1N HCI to acidify the mixture. The crystals thus precipitated were collected by 
filtration under reduced pressure, washed with water and dried under reduced pressure to give the title compound (1 73 

30 mg, 80%) as a brown solid. 

1 H-NMR (DMSO-d 6 ) 5: 1.17-1.37 (m, 4H). 1.73-2.20 (m, 7H), 3.16-3.97 (m, 7H), 4.12 and 4.33 (each m, total 1H), 
5.25-5.33 and 5.38-5.47 (each m, total 1H), 7.12-7.24 (m, 2H), 7.40-7.51 (m, 3H), 8.03 (m, 1H). 
MS (ESI) m/z 548 (M++1) ; 

Anal. Calcd for 03^3^305-1/21-120: C, 58.22; H, 5.25; N, 7.54. 
35 Found: C, 58.55; H, 5.41 ; N, 7.08. 

Example 56 

trans-4-(1-(4-(2-Benzothiazolyl)amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
40 cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl (4-(2-benzothiazolyl)amino-3-chlorophenyl)acetate 

[0653] 

45 



50 




[0654] A mixture of 2-chlorobenzoxazole (489 mg, 2.88 mmol) and methyl 4-amino-3-chlorophenylacetate (567 mg, 
2.84 mmol) andpyridinium-p-toluenesulfonate (pyridiniunrvp-toluenesulfonate (PPTS)) (214 mg, 0.85 mmol) was heat- 
ed under reflux for 3 hours in xylene (10 ml). After the reaction mixture was cooled to room temperature, the solvent 
55 was distilled off under reduced pressure. The residue was purified by chromatography on a silica gel column, whereby 
from n-hexane/ethyl acetate (7:1 , v/v) eluate fractions, methyl (4-(2-benzothiazolyl)amino-3-chlorophenyl)acetate (296 
mg, 32%) was obtained as a white solid. 

1 H-NMR (CDCI 3 ) 8: 3.58 (s, 2H), 3.71 (s, 3H), 7.16-7.24 (m, 2H), 7.33-7.38 (m, 2H), 7.63-7.69 (m, 2H), 8.33-8.35 (m, 
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1H). 

MS (ESI)m/z333(M++1). 



(Step 2) Synthesis of (4-(2-benzothiazolyl)amino-3-chlorophenyl)acetic acid 



[0655] 



[0656] In THF (5 ml) was dissolved methyl (4-(2-benzothiazoIyl)amino-3-chlorophenyl)acetate (296 mg, 0.89 mmol). 
To the resulting solution was added 0.5N NaOH (5.0 ml, 2.50 mmol). The resulting mixture was stirred at room tem- 
perature for 15 hours. The reaction mixture was poured in ice-1N HCI to acidify the mixture. The crystals thus precip- 
itated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to 
give (4-(2-benzothiazolyl)amino-3-chlorophenyl)acetic acid (263 mg, 93%) as a white solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.59 (s, 2H), 7.11-7.15 (m, 1H), 7.25-7.31 (m, 2H), 7.42 (d, J=2.0Hz, 1H), 7.52 (d, J=8.1Hz, 
1H), 7.77 (d, J=8.1Hz, 1H), 8.11-8.13 (m, 1H). 
M s (ESI)m/z319(M + +1). 

(Step 3) Synthesis of methyl trans-4-(1-(4-(2-benzothiazolyl)amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0658] A mixture of (4-(2-benzothiazolyl)amino-3-chlorophenyl)acetic acid (263 mg, 0.83 mmol), methyl trans- 
4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 
21) (214 mg, 0.83 mmol), EDC-HCI (237 mg, 1 .24 mmol), HOBt (167 mg, 1 .24 mmol) and triethylamine (173 u.l, 1 .24 
mmol) was stirred at room temperature for 3 days in DMF (7 ml). The reaction mixture was poured in water. The crystals 
thus precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced 
pressure. The resulting crude crystals were purified by chromatography on a silica gel column, whereby from chloro- 
form/methanol (60;1, v/v) eluate fractions, methyl trans-4-(1-(4-(2-benzothiazolyl)amino-3-ch!orophenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (460 mg, 1 00%) was obtained as a colorless amorphous sub- 
stance. 

1 H-NMR (CDCI 3 ) 8: 1.18-1.32 (m, 2H), 1.39-1.53 (m, 2H), 1.97-2.51 (m, 7H), 3.21-4.01 (m, 10H), 4.20-4.25 and 
4.35-4.40 (each m, total 1H), 5.16-5.20 and 5.30-5.33 (each m, total 1H), 7.17-7.23 (m, 2H), 7.34-7.38 (m, 2H), 
7.64-7.69 (m t 2H), 8.29-8.36 (m, 1H). 
MS (ESI) m/z 560 (M + +1). 



[0657] 
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(Step 4) Synthesis of trans-4-(1 -(4-(2-benzothiazolyl)amino-3-chlorophenylacetyl)-(4S)-f luoro-(2S)- 
pyrrolidinylmethoxy)cydohexanecarboxylic acid 

[0659] 



[0660] Methyl trans-4-(1-(4-(2-benzothiazolyl)amino-3-cM 

clohexanecarboxylate (460 mg, 0.82 mmol) was dissolved in THF (5 ml). To the resulting solution was added 0.5N 
15 NaOH (5.0 ml, 2.50 mmol), followed by stirring at room temperature for 3 hours. The reaction mixture was poured in 
ice-1N HC to acidify the mixture. The crystals thus precipitated were collected by filtration under reduced pressure, 
washed with water and dried under reduced pressure to give the title compound (314 mg, 70%) as a pale yellow solid. 
1 H-NMR (DMSO-d 6 ) 6: 1 .10-1 .39 (m, 4H), 1 .84-1 .94 (m, 4H), 2.06-2.20 (m, 3H), 3.15-3.87 (m, 7H), 4.1 2 and 4.30-4.36 
(each m, total 1H), 5.24-5.32 and 5.38-5.45 (each m, total 1H), 7.11-7.15 (m, 1H), 7.19-7.23 (m, 1H), 7.27-7.31 (m, 
20 1H), 7.36-7.38 (m, 1H), 7.50-7.52 (m, 1H), 7.77-7.79 (m, 1H), 8.06-8.10 (m, 1H). 
MS (ESI)m/z546 (M + +1); 

Anal. Calcd for 0 27 H2QC\fH z O A S^l2H 2 0: C, 56.59; H, 5.63; N, 7.33. 
Found: C, 56.73; H, 5.58; N, 6.88. 

25 Example 57 

trans-4-(1-(3-Chloro-4-(6-fluoro-2-benzothiazolyl) aminophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

30 (Step 1 ) Synthesis of 2-bromo-6-f luorobenzothiazole 

[0661] 

[0662] Copper (I) bromide (61 9 mg, 4.32 mmoi) was suspended in acetonitrile (1 0 ml). To the resulting suspension 
was added tert-butyl nitrite (640 u.l, 5.38 mmol), followed by stirring at 60°C for 5 minutes. To the reaction mixture was 

40 added 2-amino-6-fluorobenzothiazole (605 mg, 3.60 mmol). The resulting mixture was stirred at 60°C for 10 minutes. 
After cooling to the room temperature, the reaction mixture was diluted with ethyl acetate. The ethyl acetate solution 
was washed with 1N HCi, saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ 
ethyl acetate (5:1 , vAO eluate fractions, 2-bromo-6-fluorobenzothiazole (330 mg, 40%) was obtained as a brown solid. 

45 1H-NMR (CDCI 3 ) 5: 7.19-7.24 (m, 1H), 7.49-7.52 (m, 1H), 7.92-7.96 (m, 1H). 
MS (ESI) m/z 273.8 (M++1 +MeCN). 

(Step 2) Synthesis of methyl (3-chloro-4-(6-fluoro-2-benzothiazolyl)aminophenyl)acetate 
so [0663] 



F 

H c» 

[0664] In xylene (8 ml), 2-bromo-6-fluorobenzothiazole (330 mg, 1 .42 mmol), methyl 4-amino-3-ch!orophenylacetate 
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(284 mg, 1 .42 mmol), and pyridinium p-toluenesulfonate (PPTS) (1 07 mg, 0.43 mmol) were heated under reflux for 1 0 
hours. After cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from n-hexane/ ethyl acetate (6:1 , v/v) eluate fractions, 
methyl (3-chloro*4-(6-fluoro-2-benzothiazolyl)aminophenyl)acetate (1 58 mg, 32%) was obtained as a pale yellowsolid. 
5 1 H-NMR (CDCI 3 ) 8: 3.58 (s, 2H), 3.70 (s, 3H), 7.05-7.10 (m, 1H), 7.22-7.25 (m, 1H), 7.34-7.37 (m, 2H), 7.59-7.63 (m, 
1H), 8.32-8.34 (m,1H). 
MS (ESI) m/z 351 (M++1). 

(Step 3) Synthesis of (3-chloro-4-(6-fluoro-2-benzothiazolyl)aminophenyl)acetic acid 

10 

[0665] 



15 




[0666] Methyl (3-chloro-4-(6-fluoro-2-benzothiazolyl)aminophenyl)acetate (15B mg, 0.45 mmol) was dissolved in 
20 THF (3 ml). To the resulting solution was added 0.5N NaOH (3.0 ml, 1 .50 mmol), and the resulting mixture was stirred 
at room temperature for 1 8 hours. The mixture was poured in ice-1 N HCI. The crystals thus precipitated were collected 
by filtration under reduced pressure, washed with water and dried under reduced pressure to give (3-chloro-4-(6-fluoro- 
2-benzothiazolyl)aminophenyl)acetic acid (127 mg, 84%) as a pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.59 (s, 2H), 7.11-7.15 (m, 1H), 7.25-7.27 (m, 1H), 7.41-7.42 (m, 1H), 7.50-7.53 (m, 1H), 
25 7.70-7.73 (m, 1H), 8.12-8.14 (m, 1H), 9.97 (broad s, 1H), 12.42 (broad s, 1H). 
MS (ESI) m/z 337 (M + +1). 

(Step 4) Synthesis of methyl trans-4-(1-(3-chloro-4-(6-fluoro-2-benzothiazolyl)aminophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

30 

[0667] 



35 




40 [0668] In DMF (8 ml), (3-chloro-4-(6-fluoro-2-benzothiazolyl)aminophenyl)acetic acid (127 mg, 0.38 mmol), methyl 
trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Ex- 
ample 21) (98 mg, 0.38 mmol), EDC-HCI (108 mg, 0.56 mmol), HOBt (76 mg, 0.56 mmol), and triethylamine (80 uJ, 
0.57 mmol) in DMF (8 ml) were stirred at room temperature for 18 hours. The reaction mixture was poured in water. 
The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 

^5 reduced pressure. The crude crystals were purified by chromatography on a silica gel column, whereby from chloroform/ 
methanol (60:1, v/v) eluate fractions, methyl trans-4-(1-(3-chloro-4-(6-f!uoro-2-benzothiazolyl)aminophenylacetyl) 
-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (266 mg, 100%) was obtained as a pale yellow thick 
sticky liquid. 

1 H-NMR (CDCI3) 8: 1.21-1.32 (m, 2H), 1.40-1.53 (m, 2H) , 1.97-2.08 (m, 4H), 2.20-2.52 (m, 3H), 3.22-4.02 (m, 10H), 
50 4.20-4.26 and 4.36-4.38 (each m, total 1H), 5.18-5.21 and 5.32-5.34 (each m, total 1H), 7.05-7.11 (m, 1H), 7.20-7.23 
(m, 1H), 7.34-7.37 (m, 2H), 7.57-7.63 (m, 2H), 8.28-8.35 (m, 1H) . 
MS (ESI) m/z 578 (M++1). 
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(Step 5) Synthesis of trans-4-(1 -(3-chloro-4-(6-fiuoro-2-benzothiazolyl)aminophenyIacetyl)-(4S)-fluoro-(2S)- 
pyrrolidiny!methoxy)cyclohexanecarboxylic acid 

[0669] 



H a 

[0670] In THF (3 ml) was dissolved methyl trans-4-(1-(3-chloro-4- (6-fluoro-2-benzothiazolyl)aminophenylacetyl) 
-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (266 mg, 0.46 mmol). To the resulting solution was add- 
ed 0.5N NaOH (3.0 ml, 1 .50 mmol), followed by stirring at room temperature for 20 hours. The reaction mixture was 
poured in ice-1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with 
water and dried under reduced pressure to give the title compound (189 mg, 73%) as a pale yellow solid. 
1 H-NMR(DMSO-d 6 )S: 1.17-1.38 (m, 4H), 1.74-2.21 (m, 7H), 3.18-3.87 (m, 7H), 4.14 and 4.33-4.35 (each m, total 1H), 
5.25-5.32 and 5.38-5.45 (each m, total 1H), 7.12-7.23 (m, 2H), 7.37-7.38 (m, 1H) , 7.51-7.54 (m, 1H), 7.71-7.74 (m, 
1H), 8.09-8.13 (m, 1H), 9.94 (broad s, 1H). 
MS (ESI) m/z 564 (M++1). 

Anal. Calcd for C 27 H 28 CIF 2 N 3 0 4 S.1H 2 0: C, 55.71; H, 5.19; N, 7.22; S, 5.51 . 
Found: C, 55.88; H, 5.25; N, 6.74; S, 5.26. 

Example 58 

trans-4-(1-(3-Chloro-4-(6-methyl-2-benzothiazoW 
cyclohexanecarboxylic acid: 

(Step 1 ) Synthesis of 2-bromo-6-methylbenzothiazole 
[0671] 



[0672] Copper (I) bromide (1 .57 g, 10.9 mmol) was suspended in acetonitrile (25 ml). To the resulting suspension 
was added tert-butyl nitrite (1.63 ml, 13.7 mmol). The resulting mixture was stirred at 60°C for 10 minutes. To the 
reaction mixture was added 2-amino-6-methylbenzothiazole (1.50 g, 9.13 mmol), followed by stirring at 60°C for 1 
hour. After cooling, the reaction mixture was diluted with ethyl acetate. The ethyl acetate solution was washed with 1 N 
HCI and saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the 
solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (7: 
1 , v/v) eluate fractions, 2-bromo-6-methylbenzothiazole (703 mg, 34%) was obtained as a brown oil. 
1 H-NMR (CDCIg) 6: 2.47 (s, 3H) , 7.27-7.29 (m, 1H) , 7.58-7.59 (m, 1H), 7.84-7.87 (m, 1H). 

(Step 2) Synthesis of methyl (3-chloro-4-(6-methyl-2-benzothiazolyl)aminophenyl)acetate 

[0673] 




[0674] In xylene (10 ml), 2-bromo-6-methylbenzothiazole (703 mg, 3.08 mmol), methyl 4-amino-3-chtorophenylac- 
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etate (615 mg, 3.08 mmol), and pyridinium p-toluenesulfonate (PPTS) (232 mg, 0.92 mmol) were heated under reflux 
for 1 0 hours. After cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (6: 1 , v/v) eluate fractions, 
methyl (3-chloro-4-(6-methyl-2-ben20thiazolyl)aminophenyl)acetate (274 mg, 26%) was obtained as a pale yellow sol- 
5 id. 

1 H-NMR (CDCI 3 ) 5: 2.43 (s, 3H), 3.59 (s, 2H), 3.71 (s, 3H) , 7.17-7.19 (m, 1H), 7.23-7.25 (m, 1H), 7.35 (m, 1H), 7.46 
(s, 1H), 7.58 (d, J=8.3Hz, 1H), 8.35 (d, J=8.3Hz, 1H). 
MS (ESI)m/z347 (M++1). 

10 (Step 3) Synthesis of (3-chloro-4-(6-methyl-2-benzothiazolyl)aminophenyl)acetic acid 

[0675] 



15 Me 



20 



O. 



[0676] Methyl (3-chloro-4-(6-methyl-2-benzothiazolyl)aminophenyl)acetate (274 mg, 0.79 mmol) was dissolved in 
THF (5 ml). To the resulting solution was added 0.5N NaOH (5.0 ml, 2.50 mmol), followed by stirring at room temperature 
for 1 5 hours. The reaction mixture was poured in ice-1 N HCI The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water and dried under reduced pressure to give (3-chioro-4-(6-methyl-2-benzo- 
25 thiazolyl)aminophenyl)acetic acid (202 mg, 77%) as a pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 5: 2.35 (s, 3H), 3.60 (s, 2H), 7.10-7.13 (m, 1H), 7.25-7.27 (m, 1H), 7.41-7.42 (m, 2H), 7.59 (s, 
1H), 8.13-8.15 (m, 1H). 

(Step 4) Synthesis of methyl trans-4-(1 -(3-chloro-4-(6-methyl-2-benzothiazolyl)aminophenyiacetyl)-(4S)-f luoro-(2S)- 
30 pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0677] 



40 

[0678] In DMF (5 ml), (3-chloro-4-(6-methyl-2-benzothiazolyl)aminophenyl)acetic acid (202 mg, 0.61 mmol), methyl 
trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Ex- 
ample 21) (157 mg, 0.61 mmol), EDC-HCI (175 mg, 0.91 mmol), HOBt (123 mg, 0.91 mmol), and triethylamine (130 
u.l, 0.93 mmol) were stirred at room temperature for 24 hours. The reaction mixture was poured in water. The crystals 

45 thus precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced 
pressure. The crude crystals were purified by chromatography on a silica gel column, whereby from chloroform/ meth- 
anol (60:1, v/v) eluate fractions, methyl trans-4-(1-(3-chloro-4-(6-methyl-2-benzothiazolyl)aminophenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (331 mg, 95%) was obtained as a pale yellow oil. 
1 H-NMR (CDCI3) 6: 1.18-1.32 (m, 2H), 1.39-1.53 (m, 2H), 1,96-2.11 (m, 4H), 2.19-2.51 (m, total 6H, including s, 3H, 

so at 5: 2.43), 3.22-3.53 (m, 2H), 3.57-4.01 (m, 8H), 4.19-4.25 and 4.35-4.40 (each m, total 1H), 5.17-5.20 and 5.30-5.33 
(each m, total 1 H), 7. 1 6-7.23 (m, 2H), 7.33-7.35 (rn, 1 H), 7.46 (s, 1 H), 7.52 (broad s, 1 H), 7.56-7.59 (m, 1 H), 8.30-8.38 
(m, 1H). 
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(Step 5) Synthesis of trans-4-(1 -(3-chloro-4-(6-methyl-2-benzothiazolyl)aminophenylacetyl)-(4S)"-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[0679] 



5 



10 



Me 



" ci 



[0680] Methyl trans-4-(1-(3-chloro-4-(6-methyl-2-benzothiazolyl)am 

methoxy)cyclohexanecarboxylate (331 mg, 0.58 mmol) was dissolved in THF (3.5 ml). To the resulting solution was 
i5 added 0.5N NaOH (3.5 ml, 1 .75 mmol), followed by stirring at room temperature for 2 days. The reaction mixture was 
poured in ice-1N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with 
water and dried under reduced pressure to give the title compound (199 mg, 62%) as a brown solid. 
1 H-NMR (DMSO-d 6 ) 8: 1.16-1.36 (m, 4H) , 1.76-1.94 (m, 4H), 2.14-2.40 (m, total 6H, including s, 3H, at 8 2.34), 
3.15-3.86 (m, 7H), 4.12 and 4.32-4.33 (each m, total 1H), 5.24-5.31 and 5.38-5.45 (each m, total 1H), 7.09-7.11 (m, 
20 1H), 7.19-7.22 (m, 1H), 7.35-7.49 (m, 3H), 7.57 (s, 1H), 8.10-8.12 (m, 1H). 
MS (ESI)m/z560 (M++1). 

Anal. Calcd for C2 8 H 31 CIFN 3 0 4 S-3/2H 2 0: C, 57.28; H, 5.84; N, 7.16; S, 5.46. 
Found: C, 57.20; H, 5.66; N, 6.91 ; S, 5.39. 

25 Example 59 

trans-4-(1-(4-(6-Chloro-2-benzothiazoiyl)amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyciohexanecarboxylic acid: 

30 (Step 1 ) Synthesis of 2-bromo-6-chlorobenzothiazole 



[0682] Copper (I) bromide (1.40 g, 9.76 mmol) was suspended in acetonitrile (25 ml). To the resulting suspension 
40 was added tert-butyl nitrite (1 .45 ml, 12.2 mmol) and the mixture was stirred at 60°C for 15 minutes. To the reaction 

mixture was added 2-amino-6-chlorobenzothiazole (1.50 g, 8.12 mmol), followed by stirring at 60°C for 30 minutes. 

After cooling, the reaction mixture was diluted with ethyl acetate. The ethyl acetate solution was washed with 1N HCI 

and saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. 

The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (7:1, v/v) 
45 eluate fractions, 2-bromo-6-chlorobenzothiazole (1 .39 g, 69%) was obtained as a yellow solid. 

1 H-NMR (CDCI 3 ) 8: 7.42-7.46 (m, 1H), 7.76-7.90 (m, 2H). 

(Step 2) Synthesis of methyl (4-(6-chloro-2-benzothiazolyl)amino-3-chlorophenyl)acetate 



[0684] In xylene (1 0 ml), 2-bromo-6-chlorobenzothiazole (760 mg, 3.06 mmol), methyl 4-amino-3-chlorophenylace- 



[0681] 



35 




so [0683] 
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tate (610 mg, 3.06 mmol), and pyridinium-p-toluenesulfonate (PPTS) (230 mg, 0.92 mmol) were heated under reflux 
for 1 hour. After cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (6:1 , v/v) eluate fractions, 
methyl (4-(6<hloro-2-benzothiazolyl)amino-3-chlorophenyl)acetate(271 mg, 24%) was obtained as a pale yellow solid. 
5 1 H-NMR (CDCI 3 ) 8: 3.60 (s, 2H), 3.71 (s, 3H), 7.23-7.37 (m, 3H), 7.57-7.62 (m, 3H), 8.31-8.33 (m, 1H). 

(Step 3) Synthesis of (4-(6-chloro-2-benzothia2olyl)amino-3K:hlorophenyl)acetic acid 

[0685] 

10 



15 




[0686] Methyl (4-(6-chloro-2-benzothiazolyl)amino-3-chlorophenyl)acetate (271 mg, 0.74 mmol) was dissolved in 
THF (4.5 ml). To the resulting solution was added 0.5N NaOH (4.5 ml, 2.25 mmol), followed by stirring at room tern- 
20 perature for 15 hours. The reaction mixture was poured in ice-1N HCI. The crystals thus precipitated were collected 
by filtration under reduced pressure, washed with water and dried under reduced pressure to give (4-(6-ch!oro-2-ben- 
zothiazolyl)amino-3-chlorophenyl)acetic acid (248 mg, 95%) as a pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.61 (s, 2H), 7.26-7.33 (m, 2H), 7.43-7.44 (m, 1H), 7.50-7.52 (m, 1H), 7.92-7.93 (m, 1H), 
8.08-8.10 (m, 1H). 

25 

(Step 4) Synthesis of methyl trans-4-(1-(4-(6-chloro-2-benzothiazolyl) amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0687] 

30 

ri ci 

[0688] In DMF (6 ml), (4-(6-chloro-2-benzothiazolyl)amino-3-chlorophenyl)acetic acid (248 mg, 0.70 mmol), methyl 
trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Ex- 

40 ample 21) (182 mg, 0.70 mmol), EDC-HCI (202 mg, 1.05 mmol), HOBt (142 mg, 1.05 mmol), and triethylamine (150 
|xf p 1 .08 mmol) were stirred at room temperature for 24 hours. The reaction mixture was poured in water. The crystals 
thus precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced 
pressure. The crude crystals were dissolved in ethyl acetate. The resulting solution was washed with saturated brine, 
dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 

45 purified by chromatography on a silica gel column, whereby from chloroform/methanol (60:1, v/v) eluate fractions, 
methyl trans-4-(1-(4-(6-chloro-2-benzothiazolyl)a^ 

clohexanecarboxylate (382 mg, 92%) was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI3) 5: 1 .23-1 .50 (m, 9H), 1 .97-2.52 (m, 7H), 3.25-4.03 (m, 10H), 4.23-4.24 and 4.39 (each m, total 1 H), 
5.19-5.22 and 5.33-5.35 (each m, total 1H), 7.21-7.36 (m, 3H), 7.56-7.69 (m, 3H), 8.26-8.34 (m, 1H). 
50 MS(ESI)m/z594(M + +1). 
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(Step 5) Synthesis of trans-4-(1 -(4-(6-chloro-2-benzothiazolyl)amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0689] 



[0690] Methyl trans-4-(1-(4-(6-chloro-2-benzothiazolyl)amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (382 mg, 0.64 mmol) was dissolved in THF (4 ml). To the resulting solution was 
added 0.5N NaOH (4.0 ml, 2.00 mmol), followed by stirring at room temperature for 2 days. The reaction mixture was 
poured in ice-1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with 
water and dried under reduced pressure. The crude crystals were purified by chromatography on a silica gel column, 
whereby from chloroform/methanol (30:1 to 15:1 , v/v) eluate fractions, the title compound (320 mg, 86%) was obtained 
as a pale yellow amorphous substance. 

1 H-NMR (DMSO-d 6 ) 8: 1.16-1 .36 (m, 4H), 1 .87-2.20 (m, 7H), 3.15-3.87 (m, 7H), 4.13 and 4.32-4.34 (each m, total 1 H), 
5.24-5.32 and 5.38-5.45 (each m, total 1H), 7.21-7.23 (m, 1H), 7.29-7.32 (m, 1H), 7.37-7.38 (m, 1H), 7.48-7.51 (m, 
1 H), 7.92 (s, 1 H), 8.05-8.09 (m, 1 H). 
MS (ESI)m/z580 (M++1). 

Anal. Calcdfor C 27 H28Cl2FN 3 04S.2H 2 0: C, 52.60; H, 5.23; N, 6.82; S, 5.20. 
Found: C, 52.37; H, 4.65; N, 6.62; S, 5.16. 

Example 60 

trans-4-(1-(4-(4-Chloro-2-benzothiazolyl)amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 2-bromo-4-chlorobenzothiazole 

[0691] 



0> 

ci 

[0692] Copper (I) bromide (1.40 g, 9.76 mmol) was suspended in acetonitrile (25 ml). To the resulting suspension 
was added tert-butyl nitride (1 .45 ml, 12.2 mmol) and the mixture was stirred at 60° C for 10 minutes. To the reaction 
mixture was added 2-amino-4-chlorobenzothiazole (1.50 g, 8.12 mmol), followed by stirring at 60°C for 2 hours. After 
cooling, the reaction mixture was diluted with ethyl acetate. The ethyl acetate solution was washed with 1N HCI and 
saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (7:1 , v/v) eluate 
fractions, 2-bromo-4-chlorobenzothiazole (1 .32 g, 65%) was obtained as a pale yellow solid. 
1 H-NMR (CDCI 3 ) 5: 7.33-7.38 (m, 1H), 7.49-7.53 (m, 1H), 7.67-7.71 (m, 1H). 

(Step 2) Synthesis of methyl (4-(4-chloro-2-benzothiazolyl)amino-3-chlorophenyl)acetate 

[0693] 



a N N^t 
M ci 
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[0694] In xylene (7 ml), 2-bromo-4-chlorobenzothiazole (647 mg, 2.60 mmol), methyl 4-amino-3-chlorophenylacetate 
(520 mg, 2.60 mmol), and pyridinium-p-toluenesulfonate (PPTS) (200 mg, 0.80 mmol) were heated under reflux for 7 
hours. After cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (6:1, v/v) eluate fractions, 
methyl (4-(4-chloro-2-benzothiazolyl)amino-3-chlorophenyl)acetate (556 mg, 58%) was obtained as a yellow amor- 
phous substance. 

1 H-NMR (CDCI 3 ) 6: 3.61 (s, 2H), 3.72 (s, 3H), 7.10-7.14 (m, 1H), 7.27-7.29 (m, 1H), 7.39-7.41 (m, 2H), 7.54-7.56 (m, 
1H), 7.75 (broad s, 1H), 8.25-8.27 (m, 1H). 

(Step 3) Synthesis of (4-(4-chloro-2-benzothiazolyl)amino-3-chlorophenyl)acetic acid 



[0696] In THF (5 ml) was dissolved methyl (4-(4-chloro-2-benzothiazolyl)amino-3-chlorophenyl)acetate (556 mg, 
1 .51 mmol). To the resulting solution was added 1 N NaOH (4.5 ml, 4.50 mmol), followed by stirring at room temperature 
for 20 hours. The mixture was poured in ice-1N HCI. The crystals thus precipitated were collected by filtration under 
reduced pressure, washed with water and dried under reduced pressure to give (4-(4-chloro-2-benzothiazolyl)amino- 
3-chlorophenyl)acetic acid (468 mg, 88%) as a pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.63 (s, 2H), 7.12-7.16 (m, 1H), 7.29-7.31 (m, 1H), 7.38-7.41 (m, 1H), 7.46-7.47 (m, 1H), 
7.76-7.78 (m, 1H), 8.18-8.21 (m, 1 H), 10.26 (broads, 1H), 12.45 (broad s, 1H). 

(Step 4) Synthesis of methyl trans-4-(1-(4-(4-chloro-2-benzothiazolyl)amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0698] In DMF (7 ml), (4-(4-chloro-2-benzothiazolyl)amino-3-chlorophenyl)acetic acid (258 mg, 0.73 mmol), methyl 
trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Ex- 
ample 21) (189 mg, 0.73 mmol), EDC-HCI (210 mg, 1.10 mmol), HOBt (148 mg, 1.10 mmol), and triethylamine (155 
uJ, 1.11 mmol) were stirred at room temperature for 14 hours. The mixture was poured in water. The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure. 
The crude crystals were purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (1 : 
1 to 1:2, v/v) eluate fractions, methyl trans-4-(1-(4-(4-chloro-2-benzothiazolyl)amino-3-chlorophenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (430 mg, 99%) was obtained as a colorless amorphous sub- 
stance. 

1 H-NMR (CDCI3) 5: 1.24-1.50 (m, 4H), 2.01-2.29 (m, 7H), 3.27-3.89 (m, 10H), 4.23-4.24 and 4.40 (each m, total 1H), 
5.20 and 5.35 (each m, total 1H), 7.10-7.24 (m, 2H), 7.37-7.40 (m, 2H), 7.54-7.56 (m, 1H), 7.77 (m, 1H), 8.21-8.29 (m, 
1H). 

MS(ESI)m/z594(M++1). 



[0695] 
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(Step 5) Synthesis of trans-4-(1 -(4-(4-chloro-2-benzothiazolyl)amino-3-chlorophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[0699] 



5 
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10 
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[0700] Methyl trans-4-(1-(4-(4-chloro-2-benzothiazolyl)amino-3^ 
15 methoxy)cyclohexanecarboxylate (430 mg, 0.72 mmol) was dissolved in THF (4 ml). To the resulting solution was 

added 0.5N NaOH (4.2 ml, 2.10 mmol), followed by stirring at room temperature for 13 hours. The reaction mixture 

was poured in ice-1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed 

with water and dried under reduced pressure to give the title compound (375 mg, 89%) as a pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 5: 1 .13-1 .37 (m, 4H), 1 .86-1 .95 (m, 4H), 2.08-2.33 (rn, 3H), 3.1 6-3.88 (m, 7H), 4.13 and 4.34-4.36 
20 (each m, total 1H), 5.25-5.34 and 5.39-5.46 (each m, total 1H), 7.11-7.15 (m, 1H), 7.23-7.26 (m, 1H), 7.38-7.41 (m, 

2H), 7.75-7.77 (m, 1H), 8.14-8.18 (m, 1H), 10.23 (broad s, 1H), 12.05 (broad s, 1H). 

MS (FAB)m/z580 (M + +1). 

Anal. Calcd for C 27 H 28 Cl2FN 3 0 4 S.1/2H 2 0: C, 55.01; H, 4.96; N, 7.13; S, 5.44. 
Found: C, 54.73; H, 5.00; N, 6.70; S, 5.28. 

25 

Example 61 

trans-4-(1-(4-(2-Benzothiazolyl)amino-5-chloro-2-fluorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylme 
cyclohexanecarboxylic acid: 

30 

(Step 1) Synthesis of 2-bromobenzothiazole 



^o [0702] Copper (I) bromide (1 .'93 g, 13.5 mmol) was suspended in acetonitrile (30 ml). To the resulting suspension 
was added tert-butyl nitrite (2.00 ml, 16.8 mmol) and the mixture was stirred at 60°C for 15 minutes. To the reaction 
mixture was added 2-aminobenzothiazole (1 .68 g, 11 .2 mmol) and the mixture was stirred at 60°C for 1 hour. After 
cooling, the reaction mixture was poured in 1 N HCI, followed by extraction with ethyl acetate. The extract was washed 
with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. 

45 The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ ethyl acetate (7:1 , v/v) 
eluate fractions, 2-bromobenzothiazole (1 .36 g, 57%) was obtained as a brown oil. 
1 H-NMR (CDCI 3 ) 5: 7.39-7.51 (m, 2H), 7.77-7.82 (m, 1H), 7.94-8.00 (m, 1H). 

(Step 2) Synthesis of methyl (4-(2-benzothiazolyl)amino-5-chloro-2-fiuorophenyl)acetate 



[0701] 
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[0704] In xylene (10 ml), 2-bromobenzothiazole (740 mg, 3.46 mmol), methyl 4-amino-3-chloro-2-fluorophenylace- 
tate (800 mg, 3.45 mmol), and pyridinium-p-toluenesulfonate (PPTS) (1 .13 g, 4.50 mmol) were heated under reflux for 
1 0 hours. After cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (7:1 , v/v) eluate fractions, 
5 methyl (4-(2-benzothiazolyl)amino-5-chloro-2-fluorophenyl)-acetate (559 mg, 44%) was obtained as a brown solid. 
1 H-NMR (CDCI 3 ) 5: 1 .26-1 .30 (m, 3H), 3.62 (s, 2H), 4.10 (broad s, 1 H), 4.15-4.21 (m, 2H), 7.21 -7.42 (m, 3H), 7.67-7.76 
(m, 2H), 8.47-8.50 (m, 1H). 
MS(ESI)m/z365(M + +1). 

10 (Step 3) Synthesis of (4-(2-benzothiazolyl)amino-5-chloro-2-fluorophenyl)acetic acid 

[0705] 



15 




20 [0706] Methyl (4-(2-benzothiazolyl)amino-5-chloro-2-fluorophenyl)acetate (613 mg, 1.68 mmol) was dissolved in 
THF (5 ml). To the resulting solution was added 1N NaOH (5.0 ml, 5.00 mmol). The resulting mixture was stirred at 
room temperature for 17 hours. Water was added to the reaction mixture. The mixture was washed with ether. The 
water layer was poured in ice-1 N HCI to acidify the water layer. The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water and dried under reduced pressure to give (4-(2-benzothiazolyl)amino- 

25 5-chloro-2-fluorophenyl)acetic acid (464 mg, 82%) as a pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.63 (s, 2H), 7.17-7.21 (m, 1H), 7.32-7.39 (m, 1H), 7.52-7.54 (m, 1H), 7.61-7.63 (m, 1H), 
7.82-7.84 (m, 1H),8.38 (m, 1H), 10.17 (broad s, 1H),12.52 (broad s, 1H). 

(Step 4) Synthesis of methyl trans-4-(1-(4-(2-benzothiazolyl)amino-5-chloro-2-fluorophenylacetyl)-(4S)-fluoro-(2S)- 
30 pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0707] 



c-^^-co^ 

40 

[0708] In DMF (8 ml), (4-(2-benzothiazolyl)amino-5-chloro-2-fluorophenyl)acetic acid (290 mg, 0.86 mmol), methyl 
trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Ex- 
ample 21) (223 mg, 0.86 mmol), EDC-HCI (247 mg, 1 .29 mmol), HOBt (174 mg, 1 .29 mmol), and triethylamine (180 
jxl, 1 .29 mmol) were stirred at room temperature for 15 hours. The reaction mixture was poured in water. The crystals 

*5 thus precipitated were collected by filtration under reduced pressure, and washed with water. The crude crystals were 
dissolved in ethyl acetate. The solution was washed with saturated brine, dried over anhydrous sodium sulfate, and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from n-hexane/ethyl acetate (1 :1 , v/v) eluate fractions, methyl trans-4- (1 - (4-(2-benzothiazolyl)amino- 
5-chloro-2-fluorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (362 mg, 73%) was ob- 

50 tained as a colorless amorphous substance. 

1 H-NMR (CDCI3) 5: 1.21-1.53 (m, 4H), 1.97-2.54 (m, 7H), 3.23-4.02 (m, 10H), 4.28-4.41 (m, 1H), 5.20-5.24 and 
5.34-5.38 (each m, total 1H), 7.21-7.30 (m, 1H), 7.35-7.44 (m, 2H), 7.63-7.83 (m, 3H), 8.42-8.50 (m, 1H). 
MS (ESI) m/z 578 (M++1). 
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(Step 5) Synthesis of trans-4-(1 -(4-(2-benzothiazolyl)amino-5-chloro-2-fluoropheny!acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[0709] 



5 



10 



O~^^-C0,M 



[0710] In THF (4 ml) was dissolved methyl trans-4-(1-(4-(2-benzothiazolyl)amino-5-chloro-2-fluorophenylacetyl) 
-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarooxylate (362 mg, 0.63 mmol). To the resulting solution was add- 

15 ed 0.5N NaOH (4.0 ml, 2.00 mmol). The resulting mixture was stirred at room temperature for 1 hour. The reaction 
mixture was poured in ice-1N HCI, followed by extraction with ethyl acetate. The extract was washed with saturated 
brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from chloroform/methanol (60:1 to 30:1, v/v) eluate 
fractions, the title compound (299 mg, 85%) was obtained as a colorless amorphous substance. 

20 1 H-NMR (DMSO-d 6 ) 5: 1.16-1 .38 (m, 4H), 1 .89-2.23 (m, 7H), 3,17-3.93 (m, 7H), 4.13 and 4.34-4.36 (each m, total 1H), 
5.26-5.35 and 5.40-5.48 (each m, total 1H) P 7,17-7.21 (m, 1H), 7.32-7.36 (m, 1H), 7.40-7.45 (m, 1H), 7.61-7.63 (m, 
1H), 7.82-7.84 (m, 1H), 8.32-8.34 (m, 1H), 
MS (ESI) m/z564 (M++1). 

Anal. Calcd for C 27 H 28 CIF 2 N 3 0 4 S. 2H 2 0: C, 54.04; H, 5.37; N, 7.00; S, 5.34. 
25 Found: C, 53.80; H, 4.63; N. 6.86; S, 5.17. 



trans-4-(1-(3-Chloro-4-(5-fluoro-2-benzothiazolyl)aminophenylacetyl)-(4S)-fluoro-(2S)-pyrroIidinylmethoxy) 
30 cyclohexanecarboxylic acid : 

(Step 1) Synthesis of 2-bromo-5-fluorobenzothiazole 



[0712] Copper (I) bromide (1 .26 g, 7.31 mmol) was suspended in acetonitrile (25 ml). To the resulting suspension 
was added tert-butyl nitrite (1 .47 ml, 10.9 mmol) and the mixture was stirred at 60°C for 10 minutes. To the reaction 
mixture was added 2-amino-5-fluorobenzothiazole (1 .23 g, 7.31 mmol), followed by stirring at 60°C for 60 minutes. 
After cooling, the reaction mixture was poured in 1N HCI. The crystals thus precipitated were collected by filtration 
^5 under reduced pressure. The crude crystals were dissolved in ethyl acetate. The solution was purified by chromatog- 
raphy on a silica gel column, whereby from n-hexane/ethyl acetate (7:1 , v/v) eluate fractions, 2-bromo-5-fluorobenzo- 
thiazole (1 .07 g, 63%) was obtained as a yellow solid. 
1 H-NMR (CDCI 3 ) 8: 7.18-7.23 (m, 1H), 7.64-7.77 (m, 2H). 

so (Step 2) Synthesis of methyl (3-chloro-4-(5-fluoro-2-benzothiazolyl)aminophenyl)acetate 



Example 62 



[0711] 



35 




40 



[0713] 
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[071 4] In xylene (5 ml), 2-bromo-5-fluorobenzothiazole (51 6 mg, 2.22 mmol), methyl 4-amino-3-chlorophenylacetate 
(444 mg, 2.22 mmol), and pyridinium-p-toluenesulfonate (PPTS) (1 68 mg, 0.67 mmol) were heated under reflux for 1 0 
hours. After cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (7:1, v/v) eluate fractions, 
5 methyl (3-chloro-4-(5-fluoro-2-benzothiazolyl)aminophenyl)acetate (292 mg, 37%) was obtained as a pale yellow oil. 
1 H-NMR (CDCI 3 ) 5: 3.61 (s, 2H), 3.72 (s, 3H), 6.93-6.98 (m, 1H), 7.25-7.27 (m, 1H), 7.37-7.41 (m, 2H), 7.55-7.58 (m, 
1H), 7.65 (broads, 1H), 8.31-8.33 (m, 1H). 

(Step 3) Synthesis of (3-chloro-4-(5-fluoro-2-benzothiazolyl)aminophenyl)acetic acid 

10 

[0715] 



15 




[071 6] In THF (5 ml) was dissolved methyl (3-chloro-4-(5-fluoro-2-benzothiazolyl)aminophenyl)acetate (292 mg, 0.83 
20 mmol). To the resulting solution was added 0.5N NaOH (5.0 ml, 2.50 mmol). The resulting mixture was stirred at room 
temperature for 2 hours. The reaction mixture was poured in ice-1 N HCI. The crystals thus precipitated were collected 
by filtration under reduced pressure, washed with water and dried under reduced pressure to give (3-chloro-4-(5-fluoro- 
2-benzothiazolyl)aminophenyl)acetic acid (226 mg, 81%) as a pale solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.61 (s, 2H), 6.98-7.03 (m, 1 H), 7.27 (dd, J=2.0, 8.3Hz, 1 H), 7.34-7.37 (m, 1 H), 7.44 (d, J=2.0Hz, 
25 1 H), 7.78-7.82 (m, 1 H), 8.05 (d, J=8.3Hz, 1 H). 

(Step 4) Synthesis of methyl trans-4-(1-(3-chloro-4-(5-fluoro-2-benzothiazolyl)aminophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

30 [07171 



CI 

[0718] In DMF (5 ml), (3-chIoro-4-(5-fluoro-2-benzothiazolyl)aminophenyl)acetic acid (216 mg, 0.64 mmol), methyl 
40 trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Ex- 
ample 21) (166 mg, 0.64 mmol), EDC-HCI (184 mg, 0.96 mmol), HOBt (130 mg, 0.96 mmol), and triethylamine (134 
u.l, 0.96 mmol) were stirred at room temperature for 2 days. The reaction mixture was poured in water. The crystals 
thus precipitated were collected by filtration under reduced pressure. The crude crystals were dissolved in ethyl acetate. 
The solution was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pres- 
45 sure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from n- 
hexane/ethyl acetate (1:1 to 1:2, v/v) eluate fractions, methyl trans-4-(1-(3-chloro-4-(5-fluoro-2-benzothiazolyl)ami- 
nophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (355 mg, 96%) was obtained as a color- 
less amorphous substance. 

1 H-NMR (CDCI3) 8: 1.18-1.32 (m, 2H), 1.39-1.53 (m, 2H), 1.97-2.52 (m, 7H), 3.22-3.37 and 3.48-3.54 (each m, total 
50 2H), 3.58-4.02 (m, 8H), 4.21-4.26 and 4.35-4.41 (each m, total 1H), 5.18-5.23 and 5.31-5.35 (each m, total 1H), 
6.92-6.98 (m, 1H), 7.21-7.25 (m, 1H), 7.36-7.40 (m, 2H), 7.54-7.58 (m, 1H), 7.65 (broad s, 1H), 8.26-8.34 (m, 1H). 
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(Step 5) Synthesis of trans-4-{1 -(3-chloro-4-(5-fluoro-2-benzothiazolyl)aminophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0719] 



F 

H CI 

[0720] In THF (4 ml) was dissolved methyl trans-4-(1-(3-chloro-4-(5-fluoro-2-benzothiazolyl)aminophenylacetyl) 
-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (355 mg, 0.61 mmol). To the resulting solution was add- 

15 ed 0.5N NaOH (4.0 ml, 2.00 mmol), followed by stirring at room temperature for 20 hours. The reaction mixture was 
poured in ice-1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with 
water and dried under reduced pressure to give the title compound (287 mg, 83%) as a white solid. 
1 H-NMR (DMSO-d 6 ) 6: 1 .16-1 .38 (m, 4H), 1 .78-1 .95 (m, 4H), 2.15-2.21 (m, 3H), 3.1 6-3.88 (m, 7H), 4.13 and 4.34-4.35 
(each m, total 1H), 5.26-5.33 and 5.39-5.46 (each m, total 1H), 6.98-7.02 (m, 1H), 7.23-7.24 (m, 1H), 7.34-7.39 (m, 

20 2H), 7.78-7.82 (m, 1H), 8.01-8.05 (m, 1H), 10.11 (broad s, 1H), 12.06 (broad s, 1H). 
MS (LC) m/z 564.4 (M + +1). 

Anal. Calcd for C 27 H 28 CIF 2 N 3 0 4 S-1H 2 0: C, 55.71; H, 5.19; N, 7.22; S, 5.51. 
Found: C, 56.00; H, 4.99; N, 6.89; S, 5.38. 

25 Example 63 

trans-4-(1-(5-Chloro-4-(5-fluoro-2-benzothiazolyl) amino-2-fluorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidiny!methoxy) 
cyclohexanecarboxylic acid: 

30 (Step 1 ) Synthesis of 2-bromo-5-f luorobenzothiazoie 

[0721] 

[0722] Copper (I) bromide (1.26 g, 7.31 mmol) was suspended in acetonitrile (25 ml). To the resulting suspension 
was added tert-butyl nitrite (1 .47 ml, 10.9 mmol) and the mixture was stirred at 60°C for 10 minutes. To the reaction 

40 mixture was added 2-amino-5«fluorobenzothiazole (1.23 g, 7.31 mmol), followed by stirring at 60°C for 60 minutes. 
After cooling, the reaction mixture was poured in 1N HCI. The crystals thus precipitated were collected by filtration 
under reduced pressure. The crude crystals were dissolved in ethyl acetate. The resulting solution was washed suc- 
cessively with 1 N HCI and saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ 

45 ethyl acetate (7:1 , v/v) eluate fractions, 2-bromo-5-fluorobenzothiazole (1 .07 g, 63%) was obtained as a yellow solid. 
1H-NNR (CDCI 3 ) 6: 7.18-7.23 (m, 1H), 7.64-7.77 (m, 2H). 

(Step 2) Synthesis of ethyl (5-chloro-4-(5-fluoro-2-benzothiazolyl)amino-2-fluorophenyl)acetate 
so [0723] 



CI 

[0724] In xylene (5 ml), 2-bromo-5-fluorobenzothiazole (548 mg, 2.36 mmol), ethyl 4-amino-5-chloro-2-fluoropheny- 
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50 



(acetate (547 mg, 2.36 mmol), and pyridinium p-toluenesulfonate (PPTS) (178 mg, 0.71 mmol) were heated under 
reflux for 3 hours. After cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (7:1 , v/v) eluate 
fractions, ethyl (5-chloro-4-(5-fluoro-2-benzothiazolyl)amino-2-fluorophenyl)acetate (298 mg, 33%) was obtained as a 
pale yellow solid. 

1 H-NMR (CDC! 3 ) 6: 1.28 (t, J=7.1Hz, 3H), 3.61 (s, 2H), 4.17 (q, J=7.1Hz, 2H), 6.95-6.98 (m, 1H), 7.28-7.30 (m, 1H), 
7.39-7.42 (m, 1H), 7.54-7.57 (m, 1H), 7.69 (broads, 1H), 8.40-8.43 (m, 1H). 

(Step 3) Synthesis of (5-chIoro-4-(5-fluoro-2-benzothiazolyl)amino-2-fluorophenyl)acetic acid 



[0726] Ethyl (5-chloro-4-(5-fluoro-2-benzothiazolyl)amino-2-fluorophenyl)acetate (298 mg, 0.78 mmol) was dis- 
solved in THF (5 ml). To the resulting solution was added 0.5N NaOH (5.0 ml, 2.50 mmol). The resulting mixture was 
stirred at room temperature for 3 hours. The reaction mixture was poured in ice-1 N HCI. The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give (S- 
chloro-4-(5-fluoro-2-benzothiazolyl)amino-2-fluorophenyl)acetic acid (237 mg, 86%) as a pale yellow solid. 
1 H-NMR (DMSO-d 6 ) 8: 3.64 (s, 2H), 7.03-7.08 (m, 1H), 7.45-7.55 (m, 2H), 7.83-7.86 (m, 1H). 8.28-8.31 (m, 1H). 10.26 
(broad s, 1H), 12.56 (broad s, 1H). 

(Step 4) Synthesis of methyl trans-4-(1-(5-chloro-4-(5-fluoro-2-benzothiazolyl)amino-2-fluorophenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinyImethoxy)cyclohexanecarboxylate 



[0728] In DMF (5 ml), (5-chloro-4-(5-fluoro-2-benzothiazolyl)amino-2-fluorophenyl)acetic acid (233 mg, 0.66 mmol), 
methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) 
of Example 21) (170 mg, 0.66 mmol), EDC-HCI (189 mg, 0.99 mmol), HOBt (133 mg, 0.98 mmol), and triethylamine 
(137 pj, 0.98 mmol) were stirred at room temperature for 3 hours. The reaction mixture was poured in water The 
crystals thus precipitated were collected by filtration under reduced pressure. The crude crystals were dissolved in 
ethyl acetate. The resulting solution was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from n-hexane/ethyl acetate (1:1 to 1:2, v/v) eluate fractions, methyl trans-4-(1-(5-chloro-4-(5-fluoro-2-ben- 
zothiazolyl)amino-2-fluorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (368 mg, 94%) 
was obtained as a pale yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 6: 1.22-1.33 (m, 2H), 1 .39-1 .53 (m, 2H), 1.96-2.18 (m, 4H), 2.22-2.53 (m, 3H), 3.23-4.03 (m, 10H), 
4.27-4.31 and 4.37 (each m, total 1H), 5.19 and 5.23-5.37 (each m, total 1H), 6.95-6.99 (m, 1H), 7.36-7.44 (m, 2H), 
7.56-7.59 (m, 1H), 7.65 (broad s, 1H), 8.34-8.43 (m, 1H). 
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(Step 5) Synthesis of trans-4-(1 -(5-chloro-4-(5-fluoro-2-benzothiazolyl)amino-2-f luorophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0729] 



10 ~^^^N 

O-^^-COjH 

» Ci 

[0730] In THF (4 ml) was dissolved methyl trans-4-(1-(5-chloro-4-(5-fluoro-2-benzothiazolyl)amino-2-f!uoropheny- 
lacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (368 mg, 0.62 mmol). To the resulting solution 

15 was added 0.5N NaOH (4.0 ml, 2.00 mmol), followed by stirring at room temperature for 2 hours. The reaction mixture 
was poured in ice-1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed 
with water and dried under reduced pressure to give the title compound (266 mg, 74%) as a pale yellow solid. 
1 H-NMR (DMSO-d 6 ) 5: 1 .18-1 .38 (m, 4H), 1 .86-1 .99 (m, 4H), 2.10-2.21 (m, 3H), 3.1 7-4.02 (m, 7H), 4.13 and 4.35-4.36 
(each m, total 1H), 5.26-5.35 and 5.40-5.48 (each m, total 1H), 7.03-7.08 (m, 1H), 7.41-7.48 (m, 2H), 7.83-7.87 (m, 

20 1H), 8.25-8.27 (m, 1H) 

MS (LC) m/z 582.4 (M++1), 580.4 (M+-1). 

Anal. Calcd for C 27 H 27 CIF 3 N30 4 S.1/2H 2 0: C, 54.87; H, 4.77; N, 7.11; S, 5.43. 
Found: C, 54.68; H, 4.62; N, 6.85; S, 5.45. 

25 Example 64 

trans-4-(1-((3-Bromo-4-((3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

30 (Step 1 ) Synthesis of ethyl (3-bromo-4-((3-indolyIcarbonyl)amino)phenyl)acetate 

[0731] 



35 




40 

[0732] In DMF (20 ml) were dissolved indole-3-carboxylic acid (1 .00 g, 6.21 mmol) and 4-amino-3-bromophenylacetic 
acid (1.60 g, 6.21 mmol). To the resulting solution was added EDC HCI (1.43 g, 7.45 mmol) under stirring at room 
temperature. After the reaction mixture was stirred at room temperature for 4 hours, water was added thereto, followed 
by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, 
45 and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from ethyl acetate eluate fractions, ethyl (3-bromo-4-((3-indofylcarbonyl)amino)phenyl)acetate 
(664 mg, 27 %) was obtained as a pale yellow solid. 

1 H-NMR (CDCI 3 ) 5: 1.29 (t, J=7.1Hz, 3H), 3.59 (s, 2H), 4.19 (q, J=7.1Hz, 2H), 7.24-7.33 (m, 3H), 7.41-7.51 (m, 2H), 
7.82 (d, J=2.7Hz, 1H), 8.20 (m, 1H), 8.31 (broad s, 1H), 8.48 (d, J=8.6Hz, 1H), 9.35 (broad s, 1H). 

50 
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(Step 2) Synthesis of (3-bromo-4-((3-indolylcaifconyl)amino)phenyl)acetic acid 



[0733] 




[0734] Ethyl (3-bromo-4-((3-indolytcarbonyl)amino)phenyl)acetate (664 mg, 1.65 mmol) was dissolved in THF (17 
ml). To the resulting solution was added 0.25N NaOH (10.0 ml, 2.48 mmol). After stirring at room temperature for 24 
hours, the reaction mixture was poured in 1N HCI to acidify the mixture. The crystals thus precipitated were collected 
by filtration under reduced pressure, washed with water, and dried under reduced pressure to give (3-bromo-4-((3-in- 
dolylcarbonyl)amino)phenyl)acetic acid (341 mg, 55 %) as a brown solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.62 (s, 2H), 7.13-7.21 (m, 2H), 7.29 (dd, J=8.3, 1.7Hz, 1H), 7.47 (d, J=8.3Hz, 1H), 7.60 (d, 
J=1.7Hz/ 1H), 7.63 (d, J=8.3Hz, 1H), 8.14 (d, J=7.6Hz, 1H), 8,27 (d, J=3.2Hz, 1H), 9.27 (s, 1H) . 
MS (ESI) m/z 373 (M + +1), 375 (M++3). 

(Step 3) Synthesis of methyl trans-4-(1-((3-bromo-4-((3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0736] To a solution of 3-bromo-4-((3-indolylcarbonyl)amino)phenyl)acetic acid (341 mg, 0.91 mmol) , methyl trans- 
4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 
21) (237 mg, 0.91 mmol), HOBt (25.0 mg, 0.18 mmol), and DMAP (22.0 mg, 0.13 mmol) in DMF (5.0 ml) was added 
EDC HCI (228 mg, 1.19 mmol) under stirring at room temperature. After the reaction mixture was stirred at room 
temperature for 20 hours, water was added thereto. The crystals thus precipitated were collected by filtration under 
reduced pressure, washed with water and dried under reduced pressure to give methyl trans-4-(1-((3-bromo-4-((3-in- 
dolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (500 mg, 89 %) as 
a colorless solid. 

1H NMR (DMSO-d 6 ) 5: 1.15-1 .28 (m, 2H), 1 .32-1 .45 (m, 2H), 1 ..87-2.33 (m, 7H) t 3.21 (m, 1 H) , 3.46 (m, 1 H) , 3.57 (s, 
3H) , 3.59-3.93 (m, 5H), 4.16 and 4.34 (each m, total 1H), 5.31 and 5.38 (each m, total 1H), 7.12-7.20 (m, 2H), 7.24 
(m, 1 H), 7.47 (d, J=7.67Hz, 1 H), 7.54 and 7.56 (each d, J=1 .5Hz, total 1 H), 7.62 and 7.64 (each d, J=B.3Hz, total 1 H), 
8.14 (d, J=7.6Hz, 1H), 8.26 (s, 1H), 9.24 (s, 1H), 11.73 (broad s, 1H) . 
MS (ESI) m/z 614 (M++1), 616 (M + +3). 



[0735] 
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(Step 4) Synthesis of trans^-(1-((3-bromo^-((3-indolylcarbonyl)amino)phenyi)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[0737] 



5 



10 




[0738] In THF (28 ml) was dissolved methyl trans-4-(1-((3-bromo-(3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)- 
15 fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (500 mg, 0.81 mmol). To the resulting solution was added 
0.25N NaOH (5.00 ml, 1 .25 mmol), followed by stirring at room temperature for 3 hours. Methanol - water (1:1 , v/v; 10 
ml) was added to the reaction mixture. After the resulting mixture was stirred for 1 hour, the solvent was distilled off 
under reduced pressure. To the residue was added water and then, the mixture was acidified with 1 N HCI (10 ml). The 
crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 
20 reduced pressure to give the title compound (390 mg, 80 %) as a pale yellow solid. 
IR (ATR) v 3411, 3208, 2938, 2861, 1691, 1627, 1509, 1432 cm- 1 ; 

1 H NMR (DMSO-d 6 ) 5: 1 .19-1 .42 (m, 4H), 1 .87-2.28 (m, 7H), 3.19 (m, 1 H), 3.42-3.93 (m, 6H), 4.14 and 4.34 (each m, 
total 1 H), 5.32 and 5.38 (each m, total 1 H), 7.12-7.21 (m, 2H), 7.24 (m, 1 H), 7.47 (d, J=7.5Hz, 1 H), 7.54 and 7.56 (each 
d, J=1.7Hz, total 1H), 7.62 and 7.64 (each d, J=8.0Hz, total 1H), 8.14 (d, J=7.5Hz, 1H), 8.26 (d, J=2.9Hz, 1H), 9.24 
25 (s, 1H), 11.73 (broads, 1H), 12.01 (broads, 1H). 
MS (ESI) m/z 600 (M + +1), 602 (M + +3); 

Anal. Calcd for Cggh^BrF^Os-HgO: C, 56.32; H, 5.38; N, 6.79. 
Found: C, 56.10; H, 5.32; N, 6.68. 

30 Example 65 

trans-4-(1-((5-Chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

35 (Step 1 ) Synthesis of methyl trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0740] To a solution of (5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetic acid (210 mg, 0.58 
so mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in 
(Step 3) of Example 21) (151 mg, 0.58 mmol), HOBt (16.0 mg, 0.12 mmol), and DMAP (14.0 mg, 0.12 mmol) in DMF 
(6.0 ml) was added EDC HCI (1 67 mg, 0.87 mmol) under stirring at room temperature. The reaction mixture was stirred 
further for 13 hours at room temperature. The reaction mixture was diluted with water, followed by extraction with ethyl 
acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced 
55 pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
ethyl acetate eluate fractions, methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indotylcarbonyl)amino)phenyl) 
acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cycIohexanecarboxylate (354 mg, 100 %) was obtained as a pale yellow 
amorphous substance. 



[0739] 



40 



45 




Me 
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1 H NMR (CDCI 3 ) 6: 1.20-1.28 (m, 2H), 1.31-1.52 (m, 2H) , 1.96-2.52 (m, 7H), 3.25 (m, 1H), 3.34 and 3.52 (each m, 
total 1H), 3.57 (m, 1H) ( 3.64 and 3.66 (each s, total 3H), 3.71-3.99 (m, 7H, Including singlet, 3H, at 5 3.87), 4.28 and 
4.36 (each m, total 1H), 5.25 and 5.29 (each m, total 1H), 7.32-7.35 (m, 2H), 7.38-7. 42 (m, 2H), 7.79 (m, 1H), 8.12 
(m, 1H), 8.28 (m, 1H), 8.48 and 8.51 (each d, J=8.3Hz, total 1H). 
5 MS (ESI) m/z602(M + +1). 

(Step 2) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indolylcart5onyl)amino)phenyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecart)oxylic acid 

10 [0741] 



15 




20 

[0742] In THF (6.0 ml) was dissolved methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino) 
phenyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (354 mg, 0.59 mmol). To the resulting so- 
lution was added 0.25N NaOH (3.53 ml, 0.88 mmol), followed by stirring for 6 hours at room temperature. The reaction 
mixture was poured in 1 N HCl (1 0 ml) to acidify the mixture. The crystals thus precipitated were collected by filtration 
25 under reduced pressure, washed with water, and dried under reduced pressure to give the title compound (298 mg, 
86 %) as a colorless solid. 

IR(ATR)v2940, 2863, 1718, 1652, 1585, 1521, 1465 cm* 1 ; 

1 H NMR (DMSO-d 6 ) 5: 1.16-1.41 (m, 4H), 1.86-2.32 (m, 7H) , 3.17-3.84 (m, 6H), 3.89 (s, 3H), 4.13 and 4.35 (each 
m, totaMH), 5.32 and 5.40 (each m, total 1H), 7.21 (m, 1H), 7.27 (m, 1H), 7.42 and 7.45 (each d, J=7.3Hz, total 1H), 
30 7.54 (d, J=8.4Hz, 1H), 7.70 and 7.72 (each d, J=5.6Hz, total 1H), 8.15 (d, J=7.6Hz, 1H), 8.30 (m, 1H), 9.28 (s, 1H), 
12.01 (broads, 1H). 
MS (ESI)m/z588 (M + +1) ; 

Anal. Calcd for C 30 H3 2 CIF2N 3 O 5 0.25H 2 O: C, 60.81 ; H, 5.53; N, 7.09. 
Found: C, 61 .07; H, 5.65; N, 6.71 . 

35 

Example 66 

trans-4-(1 -(3-Chloro-4-((1 -ethyl-3-indoty 
cyclohexanecarboxylic acid : 

40 

(Step 1 ) Synthesis of methyl 1-ethylindole-3-carboxylate 
[0743] 




50 

[0744] In DMF (8.0 ml) was suspended sodium hydride (60% in oil, 273.9 mg, 6.846 mmol). To the resulting suspen- 
sion was added methyl in dole -3-carboxy late (399.8 mg, 2.282 mmol) under stirring at 0°C. The reaction mixture was 
stirred for 40 minutes at the same temperature. To the mixture was added ethyl iodide (0.27 ml, 3.423 mmol) at 0°C, 
followed by stirring at the same temperature for further 2 hours. Water was added to the reaction mixture to terminate 
55 the reaction. The reaction mixture was extracted with ethyl acetate. The extract was washed successively with 1 N HCl 
and saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent, 
whereby methyl 1 -ethylindole-3-carboxylate was obtained. The resulting compound was provided for the subsequent 
reaction without further purification. 
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1 H-NMR (CDCI3) 8: 1.52 (3H, t, J=7.2Hz), 3.93 (3H, s), 4.20 (2H, q, J=7.2Hz), 7.22-7.34 (2H, m), 7.38 (1H, m), 7.86 
(1H,s), 8.20 (1H,m). 

(Step 2) Synthesis of 1 -ethylindole-3-carboxylic acid 

5 

[0745] 



10 




15 [0746] In THF (9.0 ml) was dissolved the methyl 1 -ethylindole-3-carboxylate obtained in the above-described (Step 
1 ). To the resulting solution was added 0.25N NaOH (9.0 ml) at room temperature. After the reaction mixture was stirred 
at 50°C for 36 hours, 1N NaOH (1.0 ml) was added thereto, followed by stirring at 70°C for 9 hours. The reaction 
mixture was cooled to room temperature, and then neutralized with 1N HCI (4.5 ml). The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give 

20 1 -ethylindole-3-carboxylic acid (388.0 mg, 90%, yield of 2 steps) as a pale pink amorphous substance. 

1 H-NMR (DMSO-d 6 ) 5: 1.38 (3H, t, J=7.2Hz), 4.26 (2H, q, J=7.2Hz), 7.12-7.28 (2H, m), 7.55 (1H, d, J=8.0Hz), 8.01 
(1H, d, J=8.0Hz), 8.07 (1H, s), 11.93 (1H, brs). 

(Step 3) Synthesis of methyl 3-chloro-4-((1 -ethyl-3-indolylcarbonyl)amino)phenylacetate 

25 

[0747] 



30 




[0748] To 1 -ethylindole-3-carboxylic acid (1 60.2 mg, 0.847 mmol) were added methylene chloride (3.5 ml) and oxalyl 
35 chloride (108.9 u.l, 1 .270 mmol) under stirring at 15°C. The reaction mixture was stirred for 2.5 hours at room temper- 
ature. The solvent was then distilled off under reduced pressure. To the residue was added methylene chloride (3.5 
ml). Under stirring at room temperature, a solution of methyl 3-chloro-4-aminophenylacetate (177.5 mg, 0.889 mmol) 
in methylene chloride (3.5 ml) and triethylamine (0.37 ml, 2.667 mmol) were added and the mixture was heated under 
reflux for 1 8 hours. After the reaction mixture was cooled to room temperature, the solvent was distilled off under 
40 reduced pressure. The residue was dissolved in chloroform. The resulting solution was washed with 1N HCI ad satu- 
rated saline, and dried over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure to give 
methyl 3-chloro-4-((1-ethyl-3-indolylcarbonyl)amino)phenylacetate (277.7 mg, 88%) as a brown amorphous sub- 
stance. The resulting compound was provided for the subsequent reaction without further purification. 
1 H-NMR (CDCI3) 5: 1 .54 (3H, t, J=7.6Hz), 3.59 (2H, s), 3.71 (3H, s), 4.23 (2H, m), 7.15-7.49 (5H, m), 7.78 (1 H, s), 8.1 4 
45 (1 H, m), 8.26 (1 H, m), 8.59 (1 H, d, J=8.4Hz). 

(Step 4) Synthesis of 3-chloro-4-((1-ethyl-3-indolylcarbonyl)amino)phenylacetic acid 

[0749] 

50 

COjH 



[0750] In THF (6.0 ml) was dissolved methyl 3«chloro-4-((1 -ethyl-3-indolylcarbonyl)amino)phenylacetate. To the re- 
sulting solution was added 0.25N NaOH (6.0 ml) at room temperature. After stirring at 50°C for 1 8 hours, the reaction 
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mixture was cooled to room temperature and distilled under reduced pressure to remove the solvent. The residue was 
acidified with 1 N HCI (2.0 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed 
with water and then, dried under reduced pressure to give 3-chloro-4-((1 -ethyl-3-indolylcarbonyl)amino)phenylacetic 
acid (250.7 mg, 94%) as a brown amorphous substance. 
5 1 H-NMR (DMSO-d 6 ) 6: 1 .43 (3H, m, OCH 2 Me), 3.62 (2H, s), 4,28 (2H, m, OCH 2 Me), 7.12-7.30 (2H, m, ArH), 7.44 (1 H, 
m), 7.58 (1H, m), 7.66 (1H, m), 7.91-8.10 (1H, m), 8.15 (1H, m), 8.35 (1H, m), 9.31 (1H, s). 

(Step 5) Synthesis of methyl trans-4-(1 -(3-ch1oro-4-((1 -ethyl-3-indolylcarbonyl)amino)phenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

w 

[0751] 



15 




20 

[0752] To a solution of methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound 
synthesized in (Step 3) of Example 21) (171.2 mg, 0.660 mmol), 3-chloro-4-((1-ethyl-3-indolylcarbonyl)amino)pheny- 
lacetic acid (235.6 mg, 0.660 mmol) and HOBt (17.8 mg, 0.132 mmol) in DMF (8.0 ml) was added EDC HCI (189.9 
mg, 0.990 mmol) under stirring at room temperature. After stirring at room temperature for 18 hours, the reaction 

25 mixture was poured in ice-1 N HCI, followed by extraction with ethyl acetate. The extract was washed with a saturated 
aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl 
acetate (1 :2, v/v) eluate fractions, methyl trans-4-(1-(3-chloro-4-((1-ethyl-3-indolylcarbonyl)amino)phenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (334.1 mg, 85%) was obtained as a light brown amorphous 

30 substance. 

1 H-NMR (CDCI 3 ) 5: 1 .1 5-1 .34 (2H, m), 1 .36-1 .58 (total 5H, n% including 3H, t, J=7.2Hz, at 5: 1 .53), 1 .92-2.15 (5H, m), 
2.16-2.50 (2H, m), 3.19-4.02 (total 10H, series of m, including total 3H, s at 5: 3.63, 3.65), 4.15-4.40 (total 3H, m, 
including 2H, q, J=7.2Hz, at 5: 4.21), 5.24 (1H, m), 7.18 (1H, m), 7.32 (2H, m) , 7.36 (1H, m), 7.42 (1H, m), 7.86 (1H, 
s), 8.13 (1H, m), 8.27 (1H, m), 8.56 (1H, dd, J=7.2, 8.4Hz). 

35 

(Step 6) Synthesis of trans-4-(1 -(3-chloro-4-((1 -ethyl-3-indolylcarbonyl)amino)phenylacetyl)-(4S)-f luoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0753] 

40 




[0754] In THF (6.0 ml) was dissolved methyl 4-(1 -(3-chloro-4-((1 : ethyl-3-indolylcarbonyl)amino)phenylacetyl)-(4S)- 
so fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (334.1 mg, 0.559 mmol). To the resulting solution was added 
0.25N NaOH (6.0 ml), followed by stirring at room temperature for 18 hours. The reaction mixture was distilled under 
reduced pressure to remove the solvent. The residue thus obtained was acidified with 1N HCI (2.0 ml). The crystals 
thus precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced 
pressure to give the title compound (293.6 mg, 90%) as a white amorphous substance. 
55 |R (ATR) v 2937, 1649, 1511 cm* 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.10-1.40 (4H, m), 1.45 (3H, t, J=7.2Hz, OCH 2 Me), 1.80-2.04 (4H, m), 2.04-2.36 (3H, m), 
3.10-3.97 (total 7H, series of m), 4.07-4.39 (total 3H, m, including 2H, q, J=7.2Hz, at 8: 4.29), 5.32 and 5.39 (total 1 H, 
d, J=54.4Hz), 7.10-7.30 (3H, m), 7.38 (1H, d, J=6.8Hz), 7.59 (1H, d, J=8.0Hz), 7.65 (1H, m), 8.16 (1H, d, J=8.0Hz), 
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8.35 <1H/s), 9.31 (1H/s), 12.05 (1H, brs, C0 2 H). 
MS (ESI) m/z 584 (M + +1); 

Anal. Calcd forC 31 H3 5 CIFN 3 0 5 0.25H 2 O: C, 63.26; H, 6.08; N, 7.14; CI, 6.02; F, 3.23. 
Found: C, 63.20; H, 6.08; N, 6.96; CI, 5,86; F, 3.18. 

5 

Example 67 

trans-4-(1-(3-Chloro-4-((1-isopropyl-3-indolylcarb^ 
cyclohexanecarboxylic acid: 

10 

(Step 1) Synthesis of methyl 1-isopropyIindole-3-carboxylate 
[0755] 




.Me 



[0756] In DMF (8.0 ml) was suspended sodium hydride (60% in oil, 275.2 mg, 6.881 mmol). To the resulting suspen- 
sion was added methyl indole-3-carboxylate (401 .8 mg, 2.294 mmol) at 0°C under stirring. After stirring for further 45 
minutes at the same temperature, isopropyl iodide (0.34 ml, 3.440 mmol) was added to the reaction mixture. Stirring 

25 was then conducted for 1 .5 hours at 0°C and for 7 hours at room temperature. Water was added to the reaction mixture 
to terminate the reaction, followed by extraction with ethyl acetate. The extract was washed successively with 1 N HCI 
and saturated saline, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. 
The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (3:1, v/v) 
eluate fractions, methyl 1 -isopropylindole-3-carboxylate (387.6 mg, 78%) was obtained as a light yellow oil. 

30 1H-NMR (CDCI 3 ) 8: 1 .56 (6H, d, J=6.8Hz), 3.91 (3H, s,), 4.67 (1H, hep, J=6.8Hz), 7.28 (2H, m), 7.40 (1H, m), 7.94 
(1H,s), 8.19 (1H,m). 

(Step 2) Synthesis of 1 -isopropylindole-3-carboxylic acid 
35 [0757] 



40 




[0758] In THF (8.0 ml) was dissolved methyl 1 -isopropyIindole-3-carboxylate (387.6 mg, 1 .784 mmol). To the resulting 
45 solution was added 0.25N NaOH (8.0 ml). The resulting mixture was stirred at 50°C for 18 hours. After cooling to room 
temperature, the reaction mixture was acidified with 1N HCI (4.5 ml). The crystals thus precipitated were collected by 
filtration under reduced pressure, washed with water and dried under reduced pressure to give 1-isopropylindole- 
3-carboxy!ic acid (327.8 mg, 90%) as a pale pink amorphous substance. 

1 H-NMR (DMSO-d 6 ) 6: 1 .38 (6H, d, J=6.4Hz), 4.78 (1 H, m), 7.20 (2H, m), 7.59 (1 H, d, J=8.0Hz), 8.02 (1 H, d, J=7.6Hz), 
so 8.12 (1H,s), 11.96 (1H,brs). 
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(Step 3) Synthesis of methyl 3-chloro-4-((1-isopropyl-3-indotylcarbonyl)amino)phenylacetate 
[0759] 

5 




10 

[0760] To a solution of 1-isopropylindole-3-carboxylic acid (159.6 mg, 0.785 mmol) in methylene chloride (3.5 ml) 
was added oxalyl chloride (1 01 .0 uJ, 1 .1 78 mmol) under stirring at -1 5°C. The reaction mixture was stirred for 2.5 hours 
at room temperature and then distilled under reduced pressure to remove the solvent. The residue was dissolved in 
methylene chloride (3.5 ml), followed by the addition of a solution of methyl 3-chloro-4-aminophenylacetate (1 64.6 mg, 

is 0.824 mmol) in methylene chloride (3.5 ml) andtriethylamine (0.35 ml, 2.474 mmol) under stirring at room temperature. 
The reaction mixture was stirred at room temperature for 18 hours. The reaction mixture was then distilled under 
reduced pressure to remove the solvent. The residue was dissolved in chloroform. The resulting solution was washed 
successively with 1 N HCI and saturated saline, dried over anhydrous sodium sulfate and distilled under reduced pres- 
sure to remove the solvent, whereby methyl 3-chloro-4-((1-isopropyl-3-indolylcarbonyl)amino)phenylacetate (275.3 

20 mg, 91%) was obtained as a brown solid. The resulting compound was provided for the subsequent reaction without 
further purification. 

1 H-NMR (CDCI 3 ) 8: 1.60 (6H, d, J=6.8Hz), 3.60 (2H, s), 3.71 (3H, s), 4.73 (1H, m), 7.15-7.54 (5H. m), 8.00 (1H, s), 
8.11 (1H, m), 8.28 (1H, m), 8.60 (1H, d, J=8.4Hz). 

25 (Step 4) Synthesis of 3-chloro-4-((1 -isopropyl-3-indolylcarbonyl)amino)phenylacetic acid 

[0761] 



30 




35 [0762] In THF (6.0 ml) was dissolved the methyl 3-chloro-4-((1 -isopropyl-3-indolylcarbonyl)amino)phenylacetate ob- 
tained in the above-described (Step 3). To the resulting solution was added 0.25N NaOH (6.0 ml), followed by stirring 
at 50°C for 18 hours. After cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. 
The resulting residue was acidified with 1 N HCI (2.0 ml). The crystals thus precipitated were collected by filtration under 
reduced pressure, washed with water and dried under reduced pressure to give 3-chloro-4-((1-isopropyl-3-indolylcar- 

40 bonyl)amino)phenylacetic acid (246.2 mg, 93%) as a brown amorphous substance. 

1 H-NMR (DMSO-d 6 ) 8: 1 .52 (6H, d, J=6.4Hz), 3.62 (2H, s), 4.84 (1H, hep, J=6.4Hz), 7.13-7.30 (3H, m), 7.44 (1H, m), 
7.62 (2H, m), 8.18 (1H, m), 8.48 (1H, s), 9.36 (1H, s), 12.32 (1H, br s). 

(Step 5) Synthesis of methyl trans-4-(1-(3-chloro-4-((1-isopropyl-3-indolylcarbonyl)amino)phenylacetyl)-(4S)- 
45 fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0763] 




[0764] A mixture of methyl trans-4-( (4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound 
synthesized in (Step 3) of Example 21) (163.8 mg, 0.632 mmol), 3-chloro-4-((1-isopropyl-3-indolylcarbonyl)amino) 
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phenytacetic acid (234.3 mg, 0.632 mmol) and HOBt (17.1 mg, 0.126 mmol) was dissolved in DMF (8.0 ml). To the 
resulting solution was added EDC HCI (1 81 .7 mg, 0.948 mmol) under stirring at room temperature. The reaction mixture 
was stirred for further 18 hours at room temperature. The mixture was diluted with ethyl acetate, washed successively 
with 1 N HCI and a saturated aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled 
5 under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from hexane-ethyl acetate (1 :2, v/v) eluate fractions, methyl trans-4-(1 -(3-chloro-4-((1 -isopropyl-3-indolylcar- 
bonyl)amino)phenyIacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (322.9 mg, 84%) was ob- 
tained as a brown oil. 

1 H-NMR (CDCI 3 ) 5: 1.10-1.33 (2H, m), 1.36-1.55 (2H, m), 1.58 (6H, d, J=6.8Hz), 1.75 (1H, m), 1.92-2.15 (4H, m), 
10 2.15-2.51 (2H, m), 3.19-4.02 (total 10H, series of m), 4.20 and 4.36 (total 1H, m), 4.72 (1H, hep, J=6.8Hz), 5.23 (1H, 
d, J=54.4Hz), 7.18 (1H, m), 7.28-7.40 (3H, m), 7.45 (1H, m), 7.98 (1H, s), 8.11 (1H, m), 8.29 (1H, s), 8.56 (1H, dd, 
J=7.2Hz). 

(Step 6) Synthesis of trans-4-(1 -(3-chloro-4-((1 -isopropyl-3-indolylcarbonyl)amino)phenylacetyl)-(4S)-fluoro-(2S)- 
*5 pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0765] 



20 



25 



40 



>'^^CO,H 

CI 



[0766] In THF (6.0 ml) was dissolved methyl trans-4-(1-(3-chloro-4-((1-isopropyl-3-indolylcarbonyl)amino)pheny- 
lacetyl)-(4S)-fluoro-(2S)-pyrrolidinyImethoxy)cyclohexanecarboxylate (322.9 mg, 0.528 mmol). To the resulting solu- 
tion was added 0.25N NaOH (6.0 ml) and the mixture was stirred at room temperature for 18 hours. The reaction 
30 mixture was distilled under reduced pressure to remove the solvent. The resulting residue was acidified with 1N HCI 
(2.0 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and 
dried under reduced pressure to give the compound (283.9 mg, 90%) as a white amorphous substance. 
IR (ATR) v 2933, 1643, 1511 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1 .08-1 .44 (4H, m), 1 .53 (6H, d, J=6.8Hz), 1 .80-2.05 (4H, m), 2.05-2.34 (3H, m), 3.12-4.40 (total 
35 8H, series of m), 4.85 (1H, hep, J=6.8Hz), 5.32 and 5.39 (total 1H, d, J=54.4Hz), 7.12-7.28 (3H, m), 7.39 (1H, d, 
J=6.8Hz), 7.60 (2H, m), 8.17 (1H, d, J=8.0Hz), 8.48 (1H, s), 9.35 (1H, s), 12.04 (1H, s). 
MS (ESI) m/z 598 (M + +1) ; 

Anal. Calcd for C 31 H35CIFN 3 0 5 0.25H 2 O: C, 63.78; H, 6.27; N, 6.97; CI, 5.88; F, 3.15. 
Found: C, 63.62; H, 6.32; N, 6.77; CI, 5.72; F, 3.13. 



Example 68 



trans-4-(1-(4-((1-Benzyl-3-indolylcarbonyl)amino)-3-chlorophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

45 

(Step 1) Synthesis of methyl 1 -benzylindole-3-carboxylate 



[0767] 

50 




COjMe 



[0768] Sodium hydride (60% in oil, 274.1 mg, 6.853 mmol) was suspended in DMF (8.0 ml). To the resulting sus- 
pension was added methyl indole-3-carboxylate (400.2 mg, 2.284 mmol) under stirring at 0°C, followed by stirring at 



175 



EP 1 346 982 A1 



the same temperature for 30 minutes. To the reaction mixture was added benzyl bromide (0.41 ml, 3.427 mmol) at 
0°C. After stirring at room temperature for 1 hour, the reaction mixture was added with water to terminate the reaction. 
The reaction mixture was then extracted with ethyl acetate. The extract was washed with 1 N HCI, dried over anhydrous 
sodium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography 
5 on a silica gel column, whereby from hexane-ethyl acetate (6:1 , v/v) eluate fractions, methyl 1 -benzylindole-3-carbox- 
ylate (100%) was obtained as a gum. 

1 H-NMR (CDCI 3 ) 6: 3.90 (3H, s), 5.31 (2H, s), 7.13 (2H, m), 7.18-7.38 (6H, m), 7.83 (1H, s), 8.19 (1H, d, J=8.0Hz). 
(Step 2) Synthesis of 1-benzylindole-3-carboxylic acid 

10 

[0769] 




20 [0770] In THF (15 ml) was dissolved methyl 1 -benzylindole-3-carboxylate (606.1 mg, 2.284 mmol). To the resulting 
solution was added 0.25N NaOH (8.0 ml) and the mixture was stirred at 70°C for 18 hours. After the reaction mixture 
was cooled to room temperature, the solvent was distilled off under reduced pressure. The residue thus obtained was 
acidified with 1 N HCI (5.5 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed 
with water and dried under reduced pressure to give 1 -benzylindole-3-carboxylic acid (1 00%) as a light pin k amorphous 

25 substance. 

1 H-NMR (DMSO-d 6 ) 6: 5.49 (2H, s), 7.14-7.38 (7H, m), 7.52 (1H, m), 8.00 (1H, m), 8.21 (1H, s), 12.01 (1H, brs). 
(Step 3) Synthesis of methyl 4-((1-benzyl-3-indolylcarbonyl)amino)-3-chlorophenylacetate 
30 [0771] 



35 




[0772] To a solution of 1 -benzylindole-3-carboxylic acid (201 .3 mg, 0.801 mmol) in methylene chloride (4.0 ml) was 
added oxalyl chloride (103.1 u,l, 1.202 mmol) under stirring at-15°C. The reaction mixture was stirred at room temper- 

40 ature for 2.5 hours and then, distilled under reduced pressure to remove the solvent. The residue was dissolved in 
methylene chloride (4.0 ml) and to the resulting solution were added a solution of methyl 3-chloro-4-aminophenylacetate 
(167.9 mg, 0.841 mmol) in methylene chloride (4.0 ml) and triethylamine (0.35 ml, 2.523 mmol) under stirring at room 
temperature. The reaction mixture was stirred at room temperature for 18 hours. The reaction mixture was distilled 
under reduced pressure to remove the solvent. The residue was diluted with chloroform, washed with 1 N HCI dried 

45 over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent, whereby methyl 4-( (1 -ben- 
zyl-3-indolylcarbonyl)amino)-3-chlorophenylacetate (341 .3 mg, 98%) was obtained. The compound was provided for 
the subsequent reaction without further purification. 

1 H-NMR (CDCI3) 8: 3.59 (2H, s), 3.71 (3H, s,), 5.38 (2H, s), 7.08-7.42 (10H, m), 7.87 (1H, s), 8.16 (1H, d, J=7.6Hz), 
8.29 (1H, s), 8.58 (1H, d, J=8.0Hz). 

50 



55 
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(Step 4) Synthesis of 4-((1-benzyl-3-indotylcarbonyl)amino)-3-chlorophenylacetic acid 



[0773] 




ccy* 



[0774] In THF (7.0 ml) was dissolved methyl 4-((1-benzyl-3-indolylcarbonyl)amino)-3-chlorophenylacetate (341.3 
mg, 0,788 mmol). To the resulting solution was added 0.25N NaOH (7.0 ml). The resulting mixture was stirred at 50°C 
for 18 hours. After the reaction mixture was cooled to room temperature, the solvent was distilled off under reduced 
pressure. The residue was acidified with 1N HCI (2.5 ml). The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water and dried under reduced pressure to give 4-((1 -benzyl-3-indolylcarbonyl) 
amino)-3-ch1orophenylacetic acid (285.8 mg, 86%) as a light pink amorphous substance. 

1 H-NMR (DMSO-d 6 ) 5: 3.57 (2H, s), 5.52 (2H, s), 7.13-7.41 (8H, m), 7.44 (1H, s), 7.56 (1 H/ d, J=8.0Hz), 7.64 (1H, d, 
J=8.0Hz), 8.16 (1H, d, J=6.4Hz), 8.43 (1H, s), 9.40 (1H,s). 

(Step 5) Synthesis of methyl trans-4-(1 -(4-((1 -benzyl-3-indolylcarbonyl)amino)-3-chlorophenylacetyl)-(4S)-f luoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0776] A mixture of methyl trans-4-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound 
synthesized in (Step 3) of Example 21) (174.3 mg, 0.672 mmol), 4-((1-benzyl-3-indo1ylcaroonyl)amino)-3-chlorophe- 
nylacetic acid (281 .5 mg, 0.672 mmol) and HOBt (1 8.2 mg, 0.1 34 mmol) was dissolved in DM F (8.0 ml). To the resulting 
solution was added EDC HCI (193.2 mg, 1.008 mmol), followed by stirring at room temperature for 18 hours. The 
reaction mixture was diluted with ethyl acetate, washed successively with 1N HCI and a saturated aqueous solution 
of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the sol- 
vent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1 :2, v/ 
v) to (1 0:1 , v/v) eluate fractions, methyl trans-4-(1 -(4-((1-benzyl-3-indolylcarbonyl)amjno)-3-chlorophenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (409.2 mg, 92%) was obtained as a brown oil. 
1 H-NMR (CDCI 3 ) 5: 1.17-1.36 (2H, m), 1.40-1.56 (2H, m), 1.95-2.16 (5H, m), 2.17-2.54 (2H, m), 3.22-4.43 (total 11H, 
series of m), 5.16-5.38 (1H, m), 5.39 (2H, s), 7.14-7.43 (10H, m), 7.88 (1H, s), 8.17 (1H, d, J=7.2Hz), 8.30 (1H, m), 
8.59 (1H,dd, J=8.0Hz).. 

(Step 6) Synthesis of trans-4-(1 -(4-((1 -benzyl-3-indolylcarbonyl)amino)-3-chlorophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[0775] 



F 




[0777] 
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[0778] In TH F (8.0 ml) was dissolved methyl trans-4-(1 -(4-((1 -benzyl-3-indolylcarbonyl)amino)-3-chlorophenylacetyl) 
-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (409.2 mg, 0.620 mmol). To the resulting solution was 
added 0.25N NaOH (8.0 ml) and the mixture was stirred at room temperature for 18 hours. The reaction mixture was 
then distilled under reduced pressure to remove the solvent. The residue was acidified with 1 N HC (2.5 ml). The crystals 
s thus precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced 
pressure to give the title compound (355.6 mg, 89%) as a white amorphous substance. 
IR(ATR)v2935, 1643, 1511 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1 .08-1 .44 (4H, m), 1 .80-2.05 (4H, m), 2.05-2.34 (3H, m), 3.11-3.94 (total 7H, series of m), 4.1 4 
and 4.34 (total 1H, m), 5.32 and 5.46 (total 1H, d, J=55.2Hz), 5.23 (2H, s), 7.12-7.45 (total 9H, series of m), 7.57 (1H, 
w d, J=7.6Hz), 7.65 (1H, m), 8.17 (1H ( d, J=7.6Hz), 8.43 (1H, s), 9.40 (1H, s), 12.05 (1H, s, C0 2 H). 
MS(ESI)m/z646(M + +1); 

Anal. Calcd for C 36 H 37 CIFN 3 0 5 0.25H 2 O: C, 66.45; H, 5,81 ; N, 6.46; CI, 5.45; F, 2.92. 
Found: C, 66.34; H, 5.83; N, 6.27; CI, 5.35; F, 2.88. 

is Example 69 

trans-4-(1-(2-Chloro-3-( (1-methyl-3-indolylcarbonyl)amino)-6-pyridyl)acetyl)-(4S)-fluoro-(2S)-cyclohexanecarboxylic 
acid: 

20 (Step 1 ) Synthesis of ethyl (2-chloro-3-(1 -methyl-3-indolylcarbonyl) am ino-6-pyridy I)) acetate 
[0779] 



25 



30 




[0780] Oxalyl chloride (1 . 1 0 ml, 1 2.5 mmol) was added to a solution of 1 -methylindole-3-carboxylic acid (2.00 g, 1 1 .4 
mmol) and DMF (0.18 ml, 2.28 mmol) in methylene chloride (25 ml) and the resulting mixture was stirred for 3 hours 
at room temperature. The reaction mixture was distilled under reduced pressure to remove the solvent to give 1 -meth- 

35 ylindole-3-carboxylic acid chloride (2.1 9 g, 99 %) as a pale yellow solid. The resulting 1 -methyIindole-3-carboxylic acid 
chloride (752 mg, 3.88 mmol) was added in portions to a solution of ethyl 3-amino-2-chloro-6-pyridylacetate (833 mg, 
3.88 mmol) and triethylamine (1 .08 ml, 7.77 mmol) in methylene chloride (20 ml) under stirring at 0°C. The reaction 
mixture was heated under reflux for 8 hours. After cooling to room temperature and addition of water, the mixture was 
extracted with chloroform. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate, and 

40 distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from n-hexane - ethyl acetate (2:1 , v/v) eluate fractions, ethyl 2-chloro-3-(1-methyl-3-indolylcarbonyl) 
amino-6-pyridylacetate (859 mg, 60%) was obtained as a yellow solid. 

1 H-NMR (DMSO-d 6 ) 5: 1.21 (t, J=7.1Hz, 3H), 3.85 (s, 2H), 3.90 (s, 3H), 4.12 (q, J=7.1Hz, 2H). 7.21 (m, 1H), 7.28 (m, 
1H), 7.42 (d, J=8.1Hz, 1H), 7.55 (d, J=8.1 Hz, 1 H), 8.04 (m, 1H),8.15(m, 1H), 8.31 (m, 1H), 9.41 (broads, 1H). 
45 MS(ESI)m/z372(M + +1). 

(Step 2) Synthesis of (2-chloro-3-(1-methyl-3-indolylcarbonyl)amino-6-pyridyl)acetic acid 

[0781] 

50 
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Me 



178 



EP 1 346 982 A1 



[0782] Ethyl 2-chloro-3-(1-methyl-3Hndolylcarbonyl)amino-6-pyridylacetate (859 mg, 2.31 mmol) was dissolved In 
THF (25 ml). To the resulting solution was added 0.25N NaOH (13.9 ml, 3.47 mmol), followed by stirring at room 
temperature for 4 hours. Methanol - water (1 :1 , v/v, 1 0 ml) was added, and the mixture was stirred at 50°C for 2 hours. 
The reaction mixture was acidified with 1N HCI (5.0 ml). The crystals thus precipitated were collected by filtration, 
5 washed with water, and dried under reduced pressure to give 2-chloro-3-(1 -methyl -3- indolylcarbony l)amino-6-pyri dy- 
lacetic acid (702 mg, 88%) as a colorless solid. 

1 H-NMR (CDCI 3 ) 8: 3.76 (s, 2H), 3.89 (s, 3H), 7.21 (t, J=8.3Hz, 1H), 7.28 (t, J=8.3Hz, 1H), 7.41 (d, J=8.1Hz, 1H), 7.55 
(d, J=8.3Hz, 1H),8.15(d, J=8.1Hz, 1H), 8.31 (s, 1H), 9.40 (broads, 1H), 12.50 (broads, 1H). 
MS (ESI) m/z 344 (M + +1). 

10 

(Step 3) Synthesis of methyl trans-4-(1-(2-chloro-3-((1-methyl-3-indolylcarbonyl)amino)-6-pyridyl)acetyl)-(4S)- 
fluoro-(2S)-cyclohexanecarboxylate 

[0783] 

15 



20 




25 

[0784] To a solution of (2-chloro-3-(1 -methyl-3-indolylcarbonyl)amino-6-pyridyl)acetic acid (254 mg, 0.74 mmol), me- 
thyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of 
Example 21) (1 92 mg, 0.74 mmol), HOBt (20.0 mg, 0.15 mmol), and DMAP (1 8.0 mg, 0.15 mmol) in DMF (8.0 ml) was 
added EDC HCI (21 2 mg, 1.11 mmol). After stirring at room temperature for 20 hours, the reaction mixture was added 
30 with water. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and 
dried under reduced pressure to give methyl trans-4-(1-(2-chloro-3-((1-methyl-3-indolylcarbonyl)amino)-6-pyridyl) 
acetyl)-(4S)-fluoro-(2S)-cyclohexanecarboxylate (377 mg, 887 %) as a pale yellow solid. 

1 H-NMR (CDCI3) 6: 1.22-1.33 (m, 2H) , 1.41-1.54 (m, 2H), 1.98-2.54 (m, 7H), 3.28 (m, 1H), 3.34 and 3.53 (each m, 
total 1H), 3.66 and 3.68 (each 2, total 3H), 3.70-3.89 (m, 4H), 3.91 (s, 3H), 3.92-4.12 (m, 2H), 4.39 and 4.46 (each m, 
35 total 1H), 5.28 (m, 1H), 7.30-7.39 (m, 2H), 7.44 (m, 1H), 7.83 (m, 1H), 8.13 (m, 1H), 8.24 (m, 1H), 8.92 and 8.95 (each 
d, J=8.3Hz, total 1H). 
MS (ESI) m/z 585 (M + +1). 

(Step 4) Synthesis of trans-4-(1 -(2-chloro-3-((1-methyl-3-indolylcarbonyl)amino)-6-pyridyl)acetyl)-(4S)-fluoro-(2S)- 
40 cyclohexanecarboxylic acid 

[0785] 




S5 [0786] In THF (7.0 ml) was dissolved methyl trans-4-(1-(2-chloro-3-((1-methyl-3-indoly!carbonyl)amino)-6-pyridyl) 
acetyl)-(4S)-fluoro-(2S)-cyclohexanecarboxylate (377 mg, 0.64 mmol). To the resulting solution was added 0.25N 
NaOH (4.00 ml, 1.00 mmol), followed by stirring at room temperature for 19 hours. The reaction mixture was poured 
in 1N HCI (1.0 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed with 
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water, and dried under reduced pressure to give the title compound (252 mg, 69 %) as a pale yellow solid. 
IR(ATR)v2940, 2861, 1710, 1654, 1617, 1581, 1519, 1488 cm 1 ; 

1H-NMR (DMSO-d 6 ) 8: 1.17-1.38 (m, 4H), 1.86-2.21 (m, 7H), 3.18-3.87 (m. 6H), 3.90 (s, 3H), 3.93 (m, 1H), 4.14 and 
4.40 (each m, total 1 H), 5.33 and 5.40 (each m, total 1 H), 7.21 (t, J=8.1 Hz, 1 H), 7.27 (t, J=8.1 Hz, 1 H), 7.34 (d, J=8.1 Hz, 
1H), 7.55 (d, J=8.3Hz, 1H), 8.12-8.17 (m, 2H), 8.30 (s, 1H), 9.39 (broad s, 1H), 12.00 (broad s, 1H). 
MS (ESI) m/z571 (M++1); 

Anal. Calcd for CggH^CIFN^s 0.25H 2 O: C, 60.52; H, 5.69; N, 9.73. 
Found: C, 60.46; H, 5.76; N, 9.43. 

Example 70 

trans-4-(1-(3-Fluoro-4-(1-methyl-3-indolyl)carbony^ 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-(3-fluoro-4-(1-methyl-3-indolyl)carbonylaminophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0787] 




[0788] In THF (10 ml) and acetonitrile (10 ml) were dissolved methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 21 ) (65 mg, 0.25 nnol), (3-fluoro-4-(1 -me- 
thyl-3-indolyl)carbonylaminophenyl)acetic acid (90 mg, 0.25 mmol), HOBt (34 mg, 0.25 mmol), and triethylamine (104 
u.l, 0.75 mmol). After EDC-HCI (72 mg, 0.37 mmol) was added at 0°C, the mixture was stirred at room temperature for 
16 hours. The reaction mixture was distilled under reduced pressure to remove the solvent. The residue was added 
with water, followed by extraction with ethyl acetate. The extract was washed successively with a saturated aqueous 
solution of sodium bicarbonate, a 2M aqueous citric acid solution, and a saturated aqueous solution of sodium bicar- 
bonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography using a thin-layer plate, whereby from n-hexane-ethyl acetate (1 :4, v/v) eluate frac- 
tions, methyl trans-4-(1 -(3-fluoro-4-(1 -methyl-3-indolyl)carbonylaminophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmeth- 
oxy)cyclohexanecarboxylate (130 mg, 90%) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 5: 1.20-1.50 (m, 4H), 2.00-2.50 (m, 6H), 3.20-4.40 (m, 15H), 5.15-5.35 (m, 1H), 7.07-7.45 (m, 5H), 
7.78 (s, 1H), 7.91 (brs, 1H), 8.03-8.06 (m, 1H), 8.45-8.47 (m, 1H). 

(Step 2) Synthesis of 4-(1 -(3-fluoro-4-(1 -methyl-3-indolyl)carbonylaminophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0789] 




[0790] In THF (10 ml) and methanol (5.0 ml) was dissolved methyl trans-4-(1-(3-fluoro-4-(1-methyl-3-indolyl)carbo- 
nylaminophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinyImethoxy)cyclohexanecarboxylate (130 mg, 0.23 mmol). To the re- 
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suiting solution was added 1 N NaOH (0.8 mi, 0.8 mmol), followed by stirring at 70°C for 1 8 hours. The reaction mixture 
was distilled under reduced pressure to remove the solvent. The residue was acidified with 1 N HCI. The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water, and dried under reduced pressure 
to give the title compound (90 mg, 71%) as a white solid. 
IR (ATR) v 2933, 1639, 1627, 1521, 1427, 1099 crrr 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.16-1.37 (m, 4H), 1.88-2.18 (m, 6H), 3.10-4.30 (m, 12H), 5.22-5.45 (m, 1H), 7.00-7.27 (m, 
4H), 7.53 (d, J=8.3Hz, 1H), 7.60-7.63 (m, 1H), 8.14 (d, J=7.8Hz, 1H), 8.25 (s, 1H), 9.46 (s, 1H). 
MS (FAB) m/z 553 (M+H) + ; 

Anal, calcd for C30H33CFN3O5 0.4H 2 O: C, 64.25; H, 6.07; N, 7.49. 
Found: C, 64.38; H, 6.16; N, 7.38. 

Example 71 

trans-4-(1 -(2,5-Difluoro-4-((1 -methyl-1 H-3-indo 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of (2,5-difluoro-4-((1 -methyl-1 H-indolylcarbonyl)amino)phenyl)acetic acid 
[0791] 




[0792] In methylene chloride (20 ml) were dissolved 1 -methyl-1 H-indole-3-carboxylic acid (814 mg, 4.65 mmol), 
triethylamine (2.6 ml, 18.6 mmol) and diphenylphosphinic chloride (1.72 ml, 9.3 mmol). The resulting solution was 
stirred for 3 days at room temperature. The reaction mixture was poured in 1 M HCI, followed by extraction with chlo- 
roform. The extract were washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under 
reduced pressure to remove the solvent. To the residue were added THF (1 0 ml) and 0.25M NaOH (8 ml, 2 mmol) and 
the mixture was stirred at room temperature for 4 hours. The reaction mixture was poured in water and acidified with 
1 M HCI. The acidic solution was extracted with a chloroform/methanol mixture. The extract was dried over anhydrous 
magnesium sulfate and distilled under reduced pressure to remove the solvent to give 2,S-difluoro-4-((1 -methyl-1 H- 
3-indolylcarbonyl)amino)phenyl)acetic acid (483 mg, 30%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.62 (s, 2H), 3.90 (s, 3H), 7.20 (t, J=7.5Hz, 1H), 7.29 (t, J=7.5Hz, 1H), 7.55 (d, J=8.1Hz, 1H), 
7.70 (dd, J=6.5, 8.8Hz, 1H), 8.15 (d, J=7.5Hz, 1H), 8.32 (s, 1H), 9.57 (s, 1H), 12.52 (br, 1H). 
MS (ESI) m/z 345 (M+1) + . 

(Step 2) Synthesis of trans-4-(1 -(2,5-difluoro-4-((1 -methyl-1 H-3-indolylcarbonyl)amino)phenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0793] 




[0794] In DMF (1 0 ml) were dissolved 2,5-difluoro-4-((1 -methyl-1 H-3-indolylcarbonyl)amino)phenyl)acetic acid (480 
mg, 1 .39 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthe- 
sized in (Step 3) of Example 21) (301 mg, 1.16 mmol), HOBt (357 mg, 2.64 mmol), DMAP (catalytic amount) and 



181 



EP 1 346 982 A1 



EDC-HCI (400 mg t 2.09 mmol). The resulting solution was stirred at room temperature for 18 hours. The reaction 
mixture was poured in 1 M HCI, followed by extraction with ethyl acetate. The extract was washed with saturated brine, 
dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column (middle pressure Yamazen, linear gradient of chloroform and meth- 
anol form 1 00:0 to 95:5, 1 2 ml/min, <(> 37 mm x 300 mm), whereby a condensate was obtained. The resulting compound 
was added with THF (14 ml) and 0.25M NaOH (7 ml, 1.7 mmol), followed by stirring at room temperature for 18 hours. 
The reaction mixture was acidified with 1 M HCI. The crystals thus precipitated were collected by filtration under reduced 
pressure. The crude crystals thus obtained were recrystallized from chloroform/n-hexane/acetone to give the title com- 
pound (329 mg, 50%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 5: 1.20 (m, 2H), 1.33 (m, 2H), 1.90 (m, 4H), 2.18 (m, 2H), 3.18 (t, J=9.5Hz, 1H), 3.50 (m, 1H), 
3.62 (m, 1H), 3.70 (m, 1H), 3.90 (s, 3H), 3.80-4.00 (m, 2H), 4.12 and 4.32 (2m, total 1H), 5.40 (m, 1 H), 7.20 (m, 3H), 
7.52 (d, J=8.1Hz, 1H), 7.65 (m, 1H), 8.14 (d, J=7.8Hz, 1H) , 8.30 (s, 1H), 9.55 (s, 1H), 12.04 (br, 1H). 
MS(ESI)m/z572(M+1) + ; 

Anal. Calcd for C^H^^Og-l .0 H 2 0: C, 61.11; H, 5.81; N, 7.13. 
Found: C, 60.92; H, 5.55; N, 6.97. 



trans-4-(1-(2,5-Dichloro-4-((1-methyl-1H-3-indolylcarbonyl)amino)phenylacetyl)-(4S)-fluoro-(2S)-pyn'olidiny 
cyciohexanecarboxylic acid: 

(Step 1) Synthesis of 2,5-dichloro-4-((1-methyl-1H-3-indolylcarbonyl)amino)phenyl)acetic acid 



[0796] In methylene chloride (25 ml) was dissolved 1 -methyl-1 H-indole-3-carboxylic acid (794mg, 4.53 mmol). Oxalyl 
chloride (0.79 ml, 9.1 mmol) was added to the solution under stirring at 0°C. The reaction mixture was stirred at room 
temperature for 1 hour and then, distilled under reduced pressure to remove the solvent. The residue was dissolved 
in methylene chloride (25 ml). The resulting solution was added to a solution of triethylamine (0.84 ml, 9.0 mmol) and 
ethyl 4-amino-2,5-dichlorophenylacetate (750 mg, 3.02 mmol) at 0°C. The reaction mixture was heated under reflux 
for 18 hours. After cooling to room temperature, the reaction mixture was poured in water, followed by extraction with 
chloroform. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column (middle 
pressure Yamazen, linear gradient of chloroform and methanol form 100:0 to 95:5, 12 ml/min, 37 mm x 300 mm), 
whereby the purified ester was obtained. To the purified ester were added THF (45 ml) and 0.25M NaOH (1 8 ml, 4.5 
mmol), followed by stirring at room temperature for 4 hours. Water and 1M HCI were added to acidify the reaction 
mixture. The crystals thus precipitated were collected by filtration under reduced pressure. The crude crystals were 
recrystallized from chloroform/n-hexane to give 2,5-dichloro-4-((1>methyl-1H-3-indolylcarbonyl)amino)phenyl)acetic 
acid (807 mg, 71%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.72 (s, 2H), 3.90 (s, 3H), 7.22 (t, J=8.1Hz, 1H), 7.28 (t, J=8.1Hz, 1H), 7.56 (d, J=8.3Hz, 1H), 
7.64 (s, 1H) , 7.92 (s, 1H), 8.15 (d, J=7.8Hz, 1H), 8.31 (s, 1H), 9.39 (s, 1H). 
MS (ESI)m/z378 (M+1) + . 



Example 72 



[0795] 




/ 
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(Step 2) Synthesis of trans-4-(1 -(2,5-dichloro-4-((1 -methyl- 1 H-3-indolylcaroonyl)amino)phenylacetyl)-(4S)- 
fluoro-(2S)-pyrroiidinylmethoxy)cyclohexanecart)oxylic acid 

[0797] 



w 




CO,H 



*5 [0798] In DMF (1 0 ml) were dissolved (2,5-dichloro-4-((1 -methyl-1 H-3-indolylcarbonyl)amino)phenyl)acetic acid (438 
mg ( 1 .1 6 mmol), methyl trans-4-((45)-fluoro-(2$)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthe- 
sized in (Step 3) of Example 21) (301 mg, 1.16 mmol), HOBt (357 mg, 2.64 mmol), DMAP (catalytic amount) and 
EDC-HCI salt (400 mg, 2.09 mmol). The resulting mixture was stirred at room temperature for 1 8 hours. The reaction 
mixture was poured in 1 M HCI, followed by extraction with ethyl acetate. The extract was washed with saturated brine, 

20 dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column (middle pressure Yamazen, linear gradient of chloroform and 
methanol form 100:0 to 95:5, 12 ml/min, § 37 mm x 300 mm). 

[0799] The purified ester was dissolved in THF (14 ml) and 0.25M NaOH (7 ml, 1 .7 mmol). The resulting mixture 
was stirred for 18 hours at room temperature and poured in water. The solution was acidified with 1M HCI. Crystals 

25 thus precipitated were collected by filtration under reduced pressure. The crude crystals were recrystallized from chlo- 
roform/n-hexane/acetone to give the title compound (528 mg, 75%) as a colorless crystalline substance. 
1 H-NMR (DMSO-d 6 ) 8: 1.20 (m, 2H), 1.32 (m, 2H), 1.90 (m, 4H), 2.20 (m, 2H), 3.21 (m, 1H), 3.49 (m, 1H), 3.65-4.00 
(m, 4H), 3.90 (s, 3H), 4.12 and 4.40 (2m, total 1H), 5.40 (m, 1H), 7.21 (t, J=7.4Hz, 1 H), 7.28 (t, J=7.4Hz, 1H), 7.50 (d, 
J=15.7Hz, 1H), 7.55 (d, J=8.1Hz, 1H), 7.88 (d, J=3.4Hz, 1H), 8.14 (d, J=7.8Hz, 1H), 8.30 (s, 1H), 9.38 (s, 1H), 12.04 

30 (s, 1H). 

MS (ESI) m/z 605 (M+1) + . 

Anal. Calcd for C 30 H32Cl2FN 3 O 5 .0.25 H 2 0: C, 59.17; H, 5.38; N, 6.90. 
Found: C, 59.18; H, 5.38; N, 6.71. 

35 Example 73 

trans-4-(1-((5-Chloro-2-fluoro-4-((6-fluoro-1-methyl-3-indolylcaroonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S) 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

40 (Step 1 ) Synthesis of 6-f luoro-1 -methylindole-3-carboxylic acid 

[0800] 




Me 



[0801] In acetone (200 ml) was dissolved 6-fluoro-1 -methyl indole-3-carbaldehyde (3.1 0 g, 1 7.5 mmol). To the result- 
ing solution was added potassium permanganate (0.2M aqueous solution, 1 75 ml, 35.0 mmol) in portions under stirring 
at room temperature. After stirring at room temperature for 10 hours, the reaction mixture was filtered through Celite. 
55 After the filtrate was distilled under reduced pressure under reduced pressure, the residue was acidified with 1 N HCI. 
The crystals thus precipitated were collected by filtration under reduced pressure, washed with water, and dried under 
reduced pressure to give 6-fluoro-1-methylindole-3-carboxylic acid (2,37 g, 70%) as a brown solid. 
1 H-NMR (DMSO-d 6 ) 8: 3.82 (s, 3H), 7.05 (m, 1H), 7.41 (d, J=9.8Hz, 1H), 7.98 (dd, J=8.6, 5.6Hz, 1H), 8.04 (s, 1H), 
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12.03 (s, 1H). 

MS (ESI) m/z 194 (M + +1). 

(Step 2) Synthesis of ethyl (5-chloro-24luoro^-((6-fluoro-1-methyl-3-indolylcarbonyl)amino)phenyl)acetate 
[0802] 



F 



10 




Me 



15 

[0803] To a suspension of 6-fluoro-1-methylindole-3-carboxylic acid (500 mg, 2.59 mmol) and DMF (0.02 ml, 0.26 
mmol) in methylene chloride (15 ml) was added dropwise oxalyl chloride (0.25 ml, 2.85 mmol) under stirring at room 
temperature. After completion of the dropwise addition, the reaction mixture was stirred at room temperature for 1 hour. 
The reaction mixture was then distilled under reduced pressure to remove the solvent. The residue was dissolved in 

20 methylene chloride (10.0 ml), followed by the dropwise addition to a solution of ethyl (4-amino-5-chloro-2-fluorophenyl) 
acetate (600 mg, 2.59 mmol) and triethylamine (1 .08 ml, 7.77 mmol) in methylene chloride (5.0 ml). After completion 
of the dropwise addition, the reaction mixture was heated under reflux for 10 hours. After the reaction mixture was 
cooled to room temperature, the precipitated crystals were removed under reduced pressure. The filtrate was distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 

25 whereby from n-hexane : ethyl acetate (2:1, v/v) eluate fractions, ethyl (5-chloro-2-fluoro-4-((6-fluoro-1-methyl-3-in- 
dolylcarbonyl)amino)phenyl)acetate (665 mg, 63%) was obtained as a yellow solid. 

1 H-NMR (CDCI 3 ) 5: 1 .28 (t, J=7.1 Hz, 3H), 3.62 (s, 2H), 3.84 (s, 3H), 4.19 (q, J=7.1 Hz, 2H), 7.07-7.12 (m, 2H), 7.34 (d, 
J=7.3Hz, 1 H), 7.74 (s, 1H), 8.10 (dd, J=9.1, 5.2Hz, 1H), 8.19 (broad s, 1H), 8.49 (d, J=1 2.0Hz, 1H). 
MS (ESI)m/z407 (M++1). 

30 

(Step 3) Synthesis of (5-chloro-2-fluoro-4-((6-fluoro-1 -methyl-3-indolylcarbonyl)amino)phenyl)acetic acid 
[0804] 



F 

COjH 



Me 

[0805] In THF (1 7 ml) was dissolved ethyl (S-chloro-2-fluoro-4-((6-fiuoro-1 -methyl-3-lndolylcarbonyl)amino)phenyl) 
45 acetate (665 mg, 1 .63 mmol). To the resulting solution was added 0.25N NaOH (9.81 ml, 2.45 mmol) and the mixture 
was stirred at room temperature for 14 hours. The reaction mixture was poured in 1N HCI (3.0 ml). The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water, and dried under reduced pressure 
to give (5-chloro-2-fluoro-4-((6-fluoro-1 -methyl-3-indolylcarbonyl)amino)phenyl)acetic acid (600 mg, 97%) as a brown 
solid. 

50 1 H-NMR (DMSO-d 6 ) 8: 3.65 (s, 2H), 3.86 (s, 3H), 7.06 (m, 1H), 7.44 (dd, J=10.3,2.5Hz, 1H), 7.54 (d, J=7.6Hz, 1H), 
7.69 (d, J=11 .2Hz, 1H), 8.12 (dd, J=8.8,5.6Hz, 1H), 8.32 (s, 1H), 9.38 (s, 1k), 12.58 (broad s, 1H). 
MS (ESI)m/z379 (M++1). 
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(Step 4) Synthesis of methyl trans-4-(1-((5K;hloro-2-fluoro-4-((6-fluoro-1-methyl-3-indolylcarbonyl)amino)phenyl) 
acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate. 

[0806] 

5 




15 [0807] To a solution of (5-chloro-2-fluoro-4-((6-fluoro-1 -methyl-3-indolylcaroonyl)amino)phenyl)acetic acid (200 mg, 
0.53 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecart30xylate (the compound synthesized 
in (Step 3) of Example 21) (137 mg, 0.53 mmol), HOBt (14.0 mg, 0.11 mmol), and DMAP (13.0 mg, 0.11 mmol) in DMF 
(5.0 ml) was added EDC HCI (1 52 mg, 0.79 mmol). After stirring at room temperature for 1 8 hours, the reaction mixture 
was diluted with water, followed by extraction with ethyl acetate. The extract was washed saturated brine, dried over 

20 anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl trans-4-(1-((5-chloro- 
2-fluoro-4-((6-fluoro-1-methyl-3-indolylca 
clohexanecarboxylate (303 mg, 92%) as a yellow oil. 

1 H-NMR (CDCI 3 ) 8: 1.18-1 .53 (m, 4H) , 1 .93-2.53 (m, 7H), 3.23-3.98 (m, 13H), 4.30 and 4.37 (each m, total 1H), 5.26 
25 and 5.28 (each m, total 1H), 7.06-7.11 (m, 2H), 7.39 and 7.40 (each d, J=7.1Hz, total 1H), 7.73 (s, 1H), 8.10 (dd, 
J=9.0,4.9Hz, 1H), 8.18 (m, 1 H), 8.45 and 8.46 (each d, J=12.0Hz, total 1H) 
MS (ESI)m/z620 (M + +1). 

(Step 5) Synthesis of trans-4-(1-((5-chloro-2-fluoro-4-((6-fluoro-1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)- 
30 f luoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0808] 



35 



40 




[0809] In THF (49 ml) was dissolved methyl trans-4-(1-((5-chloro-2-fluoro-4-((6-fluoro-1-methyl-3-indolylcarbonyl) 
amino)phenyl)acetyi)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (303 mg, 0.49 mmol). To the re- 
45 suiting solution was added 0.25N NaOH (3.00 ml, 0.75 mmol) and the mixture was stirred at room temperature for 1 7 
hours. The reaction mixture was poured in 1 N HCI (1 .0 ml). The crystals thus precipitated were collected by filtration, 
washed with water, and dried under reduce pressure to give the title compound (236 mg, 79 %) as a colorless solid. 
IR (ATR) v 3417, 2940, 2865, 1708, 1619, 1646, 1585, 1517, 1467 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 1.18-1.41 (m, 4H), 1.86-2.33 (m, 7H), 3.17-3.98 (m, 10H), 4.13 and 4.35 (each m, total 1H), 
50 5.32 and 5.41 (each m, total 1H), 7.06 (m, 1H), 7.42-7.46 (m, 2H), 7.65 and 7.66 (each d, J=11.2Hz, total 1H), 8.12 
(dd, J=8.6, 5.9Hz, 1H), 8.31 (s, 1H), 9.37 (s, 1H), 12.03 (broad s, 1H). 
MS (ESI) m/z 606 (M++1); 

Anal. Calcd for C^jC^NaOg-OTS^O: C, 58.16; H, 5.29; N, 6.7B. 
Found: C, 58.35; H, 5.23; N, 6.39. 

55 
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Example 74 

trans-4-(1-((5-Chloro-2-fluoro-4-(((5-fluoro-1-mett^^ 
pyrrolidinylmethoxyjcyclohexanecartoxylic acid: 

5 

(Step 1) Synthesis of (5-fluoro-1-methylindol)-3-carbaldehyde 
[0810] 

to 

F 




Me' 



[0811] In DMF (100 ml) was dissolved 5-fluoroindol-3-carbaldehyde (5.17 g, 36.7 mmol). To the resulting solution 
was added sodium hydride (60% in oil, 1 .39 g, 34.9 mmol) in portions under stirring at 0°C. After the reaction mixture 

20 was stirred at the same temperature for 1 hour, methyl iodide (4,57 ml, 73.4 mmol) was added thereto at 0°C. The 
resulting mixture was stirred at room temperature for 18 hours. The reaction mixture was poured in 1 N HCI, followed 
by extraction with ether. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was crystallized by adding thereto chloroform/hexane. 
The crystals thus precipitated were collected by filtration under reduced pressure and dried under reduced pressure 

25 to give 5-fluoro-1 -methylindole-3-carbaldehyde (2.53 g, 39%) as a white crystalline powder. 

1 H-NMR (CDCI 3 ) 8: 3.86 (s, 3H), 7.08 (brt, J=9.2Hz, 1H), 7.27 (dd, J=4.4, 8.8Hz, 1H), 7.68 (s, 1H), 7.95 (brd, J=9.6Hz, 
1H). 

(Step 2) Synthesis of 5-fluoro-1 -methylindole-3-carboxylic acid 

30 

[0812] 



F 



35 




40 

[0813] In acetone (50 ml) was dissolved 5-fluoro-1-methylindole-3-camaldehyde (1 .33 g, 7.52 mmol). To the resulting 
solution was added dropwise an 1 N aqueous solution of potassium permanganate (7.15 ml, 7.1 5 mmol) under stirring 
at 0°C. After stirring at room temperature for 18 hours, another 1N aqueous solution of potassium permanganate (4.0 
ml, 4.0 mmol) was added, and the mixture was stirred at room temperature for 18 hours. The mixture was filtered 
45 through Celite. After washing with water, the filtrate was added with 1N HCI. The crystals thus precipitated were col- 
lected by filtration under reduced pressure, washed with water and dried under reduced pressure to give 5-fluoro- 
1 -methylindole-3-carboxylic acid (885 mg, 61%) as a white crystalline powder. 

1 H-NMR (DMSO-d 6 ) 8: 3.86 (s, 3H), 7.06-7.11 (m, 1H), 7.53 (dd, J=4.8,9.2Hz, 1H), 7.67 (brd, J=10.0Hz, 1H), 8.08 (s, 
1H) t 12.00 (brs, 1H). 

50 
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(Step 3) Synthesis of ethyl (5-chloro-2-fluoro^-(((5-fluoro-1-methyl-3-indolyl)cart)onyl)amino)phenyl)acetate 
[0814] 




[0815] In methylene chloride (30 ml) was dissolved 5-ftuoro-1 -methylindole-3-carboxylic acid (885 mg, 4.58 mmol). 
To the resulting solution was added oxalyl chloride (600 6.87 mmol) under stirring at 0°C, and the resulting mixture 
was stirred at room temperature for 1 hour. From the reaction mixture, the solvent was distilled off under reduced 
pressure. The residue was dissolved in methylene chloride (50 ml). The resulting solution was added dropwise to a 
solution of ethyl (4-amino-5-chloro-2-fluorophenyl)acetate (1 .06 g, 4.58 mmol) in methylene chloride (20 ml), followed 
by heating under reflux for 15 minutes. The reaction mixture was cooled and triethylamine (3.19 ml, 22.9 mmol) was 
added thereto. The resulting mixture was heated under reflux for 1 8 hours. The reaction mixture was cooled and poured 
in 1 N HCI, followed by extraction with ethyl acetate. The extract was dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from hexane/ethyl acetate (2/1) eluate fractions, ethyl (5-chloro-2-fluoro-4-(((5-fluoro-1-methyl-3-indolyl)car- 
bonyl)amino)phenyl)acetate (868 mg, 47%) was obtained as a white solid. 

1 H-NMR (CDCI 3 ) 8: 1 .27 (t, J=7.2Hz, 3H), 3.61 (s, 2H), 3.87 (s, 3H). 4.1 8 (dd, J=7.2,14.0Hz, 2H), 7.08 (dt, J=2.0,8.8Hz, 
1H), 7.29-7.34 (m, 2H), 7.5 (s ( 1H), 7.83 (dd, J=2.4,9.6Hz, 1H), 8.11 (brs, 1H), 8.80 (d, J=12Hz, 1H). 
MS (ESI)m/z407 (M + +1). 

(Step 4) Synthesis of (5-chloro-2-fluoro-4-(((5-fluoro-1-methyl-3-indolyl)carbonyl)amino)phenyl)acetic acid 
[0816] 



F F 




Me' 



[0817] THF/methanol (1/1, 60 ml) and 0.25N NaOH (43 ml, 10.6 mmol) were added to ethyl (5-chloro-2-fluoro- 
4-(((5-fluoro-1-methyl-3-indolyl)carbonyl)amino)phenyl)acetate (865 mmol, 2.13 mmol) and the mixture was stirred at 
room temperature for 3 hours. The reaction mixture was poured in 1 N HCI, followed by extraction with a chloroform/ 
methanol (10/1) mixture. The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was solidified with methanol/chloroform/hexane. The crystals thus precipitated 
were collected by filtration under reduced pressure and dried under reduced pressure to give (5-chloro-2-fluoro- 
4-(((5-fluoro-1-methyl-3-indolyl)carbonyl)amino)phenyl)acetic acid (736 mg, 91%) as a white crystalline powder. 
1 H-NMR (DMSO-d 6 ) 5: 3.72 (s, 2H), 3.90 (s, 3H), 7.11 (dt, J=2.8, 9.2Hz, 1 H), 7.53-7.58 (m, 2H), 7.83 (dd, J=2.4,9.6Hz, 
1H),8.37. 

MS (ESI) m/z 379 (M + +1). 
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(Step 5) Synthesis of methyl trans-4-(1-((5K:hloro-2-fluoro-4-(((5-fluoro-1-methyl-3-indolyl)caroonyl)amino)-phenyl) 
acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0818] 



10 




O-^^-'COjMe 



15 



20 



25 



[0819] In DM F (20 ml) were dissolved (5-chloro-2-fluoro-4-(((5-fluoro-1-methyl-3-indolyl)carbonyl)amlno)phenyl)aclc 
acid (483 mg, 1.28 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the com- 
pound synthesized in (Step 3) of Example 21 ) (331 mg, 1 .28 mmol) and EDC-HCI (294 mg, 1 .53 mmol). To the resulting 
solution was added HOBt (35.0 mg, 0.26 mmol), and the resulting mixture was stirred at room temperature for 18 hours. 
The reaction mixture was poured in water, followed by extraction with ethyl acetate. The extract was washed with 
saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from hexane/ethyl acetate (1/2) eluate frac- 
tions, methyl trans-4-(1 -((5-chloro-2-fluoro-4-(((5-fluoro-1 -methyl-3-indolyl)carbonyl)amino)phenyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (71 8 mg, 91%) was obtained as a colorless amorphous sub- 
stance. 

1 H-NMR (CDCI 3 ), mixture of rotamars, 5: 1.23-1 .31 (m, 2H), 1.40-1 .52 (m, 2H), 1 .96-2.52 (series of m, 7H), 3.20-4.00 
(series of m, 7H), 3.65 and 3.67 (s, total 3H), 3.78 (s, 3H), 4.28-4.42 (m, 1H), 5.18-5.38 (m, 1H), 7.08 (brt, J=9.2Hz, 
1H), 7.31 (dd, J=4.4,9.2Hz, 1H), 7.39 (dd, J=4.4,7.6Hz, 1H), 7.75 (d, J=2.8Hz, 1H), 7.84 (dd, J=2.8,9.6Hz, 1H), 8.11 
(d, J=5.2Hz, 1H), 8.43 and 8.46 (d, J=9.2Hz, total 1H). 
MS (ESI) m/z 621 (M++2). 



30 (Step 6) Synthesis of trans-4-(1 -((5-chloro-2-fiuoro- 4-(((5-fluoro-1 -methyl-3-indolyl)carbonyl)amino)phenyl)acetyl) 
-(4S)-fluoro-(2S)-pyrrolldinylmethoxy)cyclohexanecarboxylic acid 

[0820] 



35 



40 




CO,H 



[0821] To the methyl ester (687 mg, 1 .11 mmol) were added THF/methanol (1/1 , 40 ml) and 0.25N NaOH (22 ml, 
45 5,54 mmol), and the resulting mixture was stirred at room temperature for 3.5 hours. The reaction mixture was poured 
in 1 N HCI, followed by extraction with chloroform/methanol (10/1 ). The extract was dried over anhydrous sodium sulfate, 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from chloroform/methanol (10/1) eluate fractions, the title compound (694 mg, 100%) was obtained 
as a colorless amorphous substance. 
so 1 H-NMR (DMSO-d 6 ), mixture of rotamars, 5: 1.18-1 .39 (series of m, 4H), 1 .87-2.51 (series of m, 7H), 3.1 6-4.40 (series 
of m, 8H), 3.90 (s, 3H), 5.23-5.55 (m, 1H), 7.08 (dt, J=2.8, 9.2Hz, 1H), 7.41 and 7.44 (d, J=7.6Hz, total 1H), 7.55 and 
7.58 (d, J=4.4Hz, total 1 H), 7.66 and 7.69 (d, J=6.0Hz, total 1 H), 7.83 (dd, 3=2.4,1 0.0Hz, 1 k), 8.38 (s, 1 H), 9.33 (s, 1 H). 
MS (ESI) m/z 607 (M++1). 

55 
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Example 75 

trans-4-(1-((5-Ch!oro-2-fluoro-4-((4-fluoro-1-^^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 4-fluoro-1-methylindole 

[0822] 




[0823] In DMF (40 ml) was dissolved 4-fluoro indole (2.00 g, 14.8 mmol). To the resulting solution was added sodium 
hydride (60 % in oil, 0.71 g, 1 7.8 mmol) in portions under stirring at 0°C. After the reaction mixture was stirred for 40 
minutes at the same temperature, methyl iodide (1.11 ml, 17.8 mmol) was added at 0°C. The reaction mixture was 
stirred further at the same temperature for 4 hours. A saturated aqueous solution of ammonium chloride was added 
to terminate the reaction. The reaction mixture was extracted with ether, and the extract was washed with saturated 
brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from n-hexane - ethyl acetate (5:1 , v/v) eluate fractions, 
4-fluoro-1 -methylindole (2.20 g, 100%) was obtained as a yellow oil. 

1 H-NMR (CDCI 3 ) 5: 3.78 (s, 3H), 6.55 (m, 1H) , 6.77 (m, 1H), 7.01 (d, J=3.2Hz, 1H), 7.08-7.15 (m, 2H). 
MS (ESI) m/z150 (M++1). 

(Step 2) Synthesis of 4-fluoro-1-methylindole-3-carbaldehyde 
[0824] 




Me 



[0825] Under stirring at 0°C, phosphoryl chloride (2.07 ml, 22.1 mmol) was added dropwise to DMF (30 ml). After 
completion of the dropwise addition, a solution of 4-fluoro-1 -methylindole (2.20 g, 14.7 mmol) in DMF (15 ml) was 
added dropwise and the reaction mixture was stirred at room temperature for 4 hours. The reaction mixture was poured 
in 1N NaOH (120 ml), followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from n-hexane - ethyl acetate (1 :1 , v/v) eluate fractions, 4-fluoro- 
1 -methylindole-3-carbaldehyde (1 .43 g, 55%) was obtained as a red solid. 

1 H-NMR (CDCI3) 5: 3.88 (s, 3H), 7.17 (d, J=7.1Hz, 1H), 7.23-7.28 (m, 2H), 7.81 (s, 1H), 10.21 (s, 1H). 
MS(ESI)m/z178 (M + +1). 
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(Step 3) Synthesis of 4-fluoro-1-methylindole-3-carboxylic acid 



[0826] 



5 



10 




Me 



[0827] In acetone (95 ml) was dissolved 4-fluoro-1-methylindole-3-caroaldehyde (1.43 g, 8.08 mmol), followed by 
the addition of potassium permanganate (a 0.2M aqueous solution, 62.0 ml, 1 2.4 mmol) in portions at room temperature. 

*5 After the reaction mixture was stirred at room temperature for 1 6 hours, the precipitate was filtered off through Celite. 
The filtrate was distilled under reduced pressure to remove the solvent. The residue was acidified with 1N HCI. The 
crystals thus precipitated were collected by filtration under reduced pressure, washed with water, and dried under 
reduced pressure to give 4-fluoro-1-methylindole-3-carboxylic acid (0.91 g, 58 %) as a brown solid. 
1 H-NMR (DMSO-d 6 ) 5: 3.85 (s, 3H), 6.93 (dd, J=11 .5,7.8Hz, 1H), 7.23 (m, 1H), 7.35 (d, J=8.3Hz, 1H), 8.08 (s, 1H), 

20 11.88 (broad s, 1H). 

MS(ESI)m/z194 (M + +1). 

(Step 4) Synthesis of ethyl (5-chloro-2-fluoro-4-((4-fluoro-1-methyl-3-indolylcarbonyl)amino)phenyl)acetate 



[0829] To a suspension of 4-fluoro-l-methylindole-3-carboxylic acid (700 mg, 3.62 mmol) and DMF (28.0 uJ, 0.36 
mmol) in methylene chloride (20 ml) was added oxalyl chloride (0.35 ml, 3.99 mmol) in portions under stirring at room 
temperature. After the reaction mixture was stirred at room temperature for 50 minutes, oxalyl chloride (30 was 
added, and the mixture was stirred for further 40 minutes. To the reaction mixture, a solution of ethyl (4-amino-5-chloro- 

40 2-fluorophenyl)acetate (839 mg, 3.62 mmol) and triethylamine (1 .52 ml, 1 0.9 mmol) in methylene chloride (5 ml) was 
added and the mixture was heated under reflux at room temperature for 4 hours. After cooling to room temperature, 
the reaction mixture was added with water, followed by extraction with chloroform. The extract was washed with brine, 
dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography opn a silica gel column, whereby from n-hexane - ethyl acetate (2:1 , v/v) eluate fractions, 

45 ethyl (5-chloro-2-fluoro-4-((4-f luoro-1 -methyl-3-indolyIcarbonyl)amino)phenyl)acetate (762 mg, 52%) was obtained as 
a yellow solid. 

1 H-NMR (CDCI 3 ) 5: 1.27 (t, J=7.3Hz, 3H), 3.61 (s, 2H), 3.87 (s, 3H), 4.18 (q, J=7.3Hz, 2H), 7.02 (dd, J=12.2,8.1Hz, 
1H), 7.20 (d, J=8.1Hz, 1H), 7.27 (m, 1H), 7.32 (d, J=7.3Hz, 1H), 8.02 (s, 1H), 8.48 (d, J=12.2Hz, 1H), 9.26 (m, 1H) . 
MS (ESI)m/z407 (M + +1). 



25 [0828] 



30 




Me 



35 



50 
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(Step 5) Synthesis of (5-chloro-2-fluoro-4-((4-f1uoro-1 -methyl-3-indolylcaroonyl)amino)phenyl)acetic acid 
[0830] 

5 



F 




Me 



[0831] In THF (1 9 ml) was dissolved ethyl (5-chloro-2-fluoro-4-((4-fluoro-1 -methyl-3-indolylcart>onyl)amino)phenyl) 
15 acetate (762 mg, 1 .87 mmol). To the resulting solution was added 0.25N NaOH (1 1 .2 ml, 2.81 mmol) and the mixture 
was stirred at room temperature for 3 hours. The reaction mixture was poured into 1N HCI (3.0 ml). The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water, and dried under reduced pressure 
to give (5-chloro-2-fluoro-4-((4-fluoro-1-methyl-3-indorylcarbonyl)amino)phenyl)acetlc acid (698 mg, 99%) as a purple 
solid. 

20 1H-NMR (DMSO-d 6 ) 5: 3.64 (s, 2H), 3.90 (s, 3H), 7.07 (dd, J=12.5,7.8Hz. 1H), 7.29 (m, 1H), 7.44 (d, J=8.4Hz, 1H), 
7.55 (d, J=7.8Hz, 1H), 8.11 (d, J=11.7Hz, 1H), 8.25 (s, 1H), 9.30 (d, J=10.3Hz, 1H), 12.54 (broad s, 1H). 
MS (LCMS) m/z 379 (M++1). 

(Step 6) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-((4-fluoro-1-methyl-3-indolylcarbonyl)amino)phenyl) 
25 acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0832] 



30 



35 




[0833] To a solution of (5-chloro-2-fluoro-4-((4-fluoro-1-methyl-3-indolylcarbonyl)amino)phenyl)acetic acid (200 mg, 
0.53 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized 

40 in (Step 3) of Example 21) (137 mg, 0.53 mmol), HOBt (14.0 mg, 0.11 mmol), and DMAP (13.0 mg, 0.11 mmol) in DMF 
(5.0 ml) was added EDC HCI (1 52 mg, 0.79 mmol). After stirring at room temperature for 23 hours, the reaction mixture 
was added with water, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl trans-4-(1-((5-chloro- 

45 2-fluoro-4-((4-fluoro-1-methyl-3-indolylcato 

anecarboxylate (332 mg, 100%) was obtained as a yellow solid. 

1 H-NMR (CDCI 3 ) 6: 1.22-1.33 (m, 2H) , 1.41-1.54 (m, 2H), 1.98-2.18 (m, 4H), 2.23-2.54 (m, 3H), 3.25-4.03 (m, 13H), 
4.30 and 4.39 (each m, total 1H), 5.27 and 5.31 (each m, total 1H), 7.03 (dd, J=12.2,7.8Hz, 1H), 7.21-7.31 (m, 2H), 
7.38 and 7.39 (each d, J=7.3Hz, total 1 H), 8.03 (s, 1 H), 8.46 and 8.48 (each d, J=12.2Hz, total 1 H), 9.26 (m, 1 H). MS 
so (LCMS) m/z 620 (M + +1). 
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(Step 7) Synthesis of trans-4-(1-((5-chloro-2-fluoro-4-((4-f!uoro^ 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylicacid 

[0834] 

5 




15 [0835] In THF (5.5 ml) was dissolved methyl trans-4-(1 -((5-chloro-2-fluoro-4-((4-fluoro-1 -methyl-3-indolylcarbonyl) 
amino)phenyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (323 mg, 0.52 mmol). To the re- 
sulting solution was added 0.25N NaOH (3.13 ml, 0.78 mmol). The resulting mixture was stirred at room temperature 
for 1 6 hours. The reaction mixture was poured into 1 N HCI (1 .0 ml). The crystals thus precipitated were collected by 
filtration under reduced pressure, washed with water, and, dried under reduced pressure to give the title compound 

20 (266 mg, 84%) as a yellow solid. 

IR (ATR) v 3399, 2937, 2863, 1724, 1648, 1621, 1587, 1521, 1450 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.16-1.41 (m, 4H), 1 .86-2.00 (m, 4H), 2.10-2.32 (m, 3H), 3.17-3.88 (m, 7H), 3.90 (s, 3H), 4.13 
and 4.35 (each m, total 1 H), 5.32 and 5.40 (each m, total 1 H), 7.07 (dd J=12.5,8.1 Hz, 1 H), 7.29 (m, 1 H), 7.42-7.45 (m, 
2H), 8.10 (d, J=11.7Hz, 1H), 8.26 (s, 1H), 9.28 (d, J=8.5Hz, 1H), 12.03 (broad s, 1H). 
25 MS (LCMS) m/z 606 (M++1 ); 

Anal. Calcd for Cao^CIFaNaOg 0.5H 2 O: C, 58.59; H, 5.24; N, 6.83. 
Found: C, 58.65; H, 5.27; N, 6.55. 

Example 76 

30 

trans-4-((4S)-Fluoro-1-(2-fluoro-5-methoxy-4-((1-methyl-1H-3-indolylcaroonyl)amino)phenylacetyl)-(2S 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of ethyl (4-amino-2-fluoro-5-methoxyphenyi)acetate 

35 

[0836] 



40 




[0837] To 1 ,2-difluoro-4-methoxybenzene (5 g, 34.7 mmol) was added concentrated H 2 S0 4 (9.25 ml, 1 74 mmol). 

45 Concentrated HN0 3 (2.64 ml, 34.7 mmol) was added dropwise under stirring at 0°C. After stirring for 3 hours at room 
temperature, the reaction mixture was poured into ice water, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove 
the solvent. The residue was dissolved in DMF (1 00 ml). Under stirring at 0°C, sodium hydride (4.16 g, 1 04 mmol) was 
added in portions. After the reaction mixture was stirred at the same temperature for 15 minutes, a solution of ethyl 

so tert-butyl ethyl malonate (6.57 ml, 34.7 mmol) in DMF (50 ml) was added dropwise in portions thereto. After completion 
of the dropwise addition, stirring was conducted at room temperature for 18 hours. The reaction mixture was poured 
into ice water - an aqueous ammonium chloride solution, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove 
the solvent. The residue was added with methylene chloride - trifluoroacetic acid (1 00 ml, 1 :1 , v/v), followed by heating 

55 under reflux for 1 8 hours. After cooling to room temperature, the reaction mixture was distilled under reduced pressure 
to remove the solvent. An iron powder (6.2 g, 0.11 mol) was added to the residue and the mixture was sonicated for 
5 minutes. To the reaction mixture were added methano l/water (175 ml, 1:4), sodium acetate (4.7 g, 35 mmol) and 
acetic acid (13.5 ml, 230 mmol), followed by heating under reflux for 3 hours (without using a stirrer). After cooling to 



192 



EP 1 346 982 A1 



room temperature, the reaction mixture was filtered through Celite under reduced pressure and the filtrate was washed 
with methanol. The filtrate was distilled under reduced pressure to remove the solvent. The residue was dissolved in 
ethyl acetate. The ethyl acetate solution was washed with saturated brine, dried over anhydrous magnesium sulfate, 
and distilled under reduced pressure to remove the solvent. The residue was purified by silica gel column chromatog- 
5 raphy (middle pressure chromatography system YAMAZEN YFLC-5404, hexane/ethyl acetate 9:1 , $ 50 mm x 500 mm, 
15 ml/min) to give ethyl 4-amino-2-fluoro-5-methoxyphenylacetate (1 .75 g, 22%) as a colorless oil. 
1 H-NMR (CDCI 3 ) 8 1.28 (t, J=7.1Hz), 1 .60 (brs), 3.52 (s, 2H), 3.80 (s, 3H), 3.92 (brs, 1H), 4.15 (q, J=7.1Hz), 6.42 (d, 
J=1 0.5Hz), 6.62 (d, J=6.8Hz). 
MS (ESI) m/z 228 (M+1)+. 

10 

(Step 2) Synthesis of 2-fluoro-5-methoxy-4-((1-methyl-1H-3-indolylcarbonyl)amino)phenylacetic acid 
[0838] 

15 



F 



20 




[0839] 1 -Methyl-1 H-indole-3-carboxylic acid (700 mg f 4.0 mmol) was dissolved in methylene chloride (8 ml), Oxalyl 
chloride (0.53 ml, 6.1 mmol) was added dropwiseto the solution under stirring at 0°C. After completion of the dropwise 

25 addition, the reaction mixture was stirred at room temperature for 1 hour and distilled under reduced pressure to remove 
the solvent. The residue was dissolved in methylene chloride (6 ml). The resulting solution was added to a solution of 
triethylamine (0.84 ml, 6.0 mmol) and ethyl 4-amino-2-fluoro-5-methoxyphenylacetate (909 mg, 4.0 mmol) in methylene 
chloride (3 ml) under stirring at 0°C. The reaction mixture was heated at reflux for 18 hours. After cooling to room 
temperature, the reaction mixture was poured into ice water, followed by extraction with chloroform. The extract was 

30 washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove 
the solvent. The residue was purified by silica gel column chromatography (middle pressure Yamazen, linear gradient 
of n-hexane/ethyl acetate form 9: 1 to 7:3, 1 2 ml/min , $ 50 mm x 300 mm, charged by dry silica gel method). The purified 
ester was added with THF (45 ml) and 0.25M NaOH (18 ml, 4.5 mmol), followed by stirring at room temperature for 4 
hours. The reaction mixture was poured into water and 1M HCI was added to the resulting mixture to make it acidic. 

35 The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 
reduced pressure to give 2-fluoro-5-methoxy-4-((1 -methyl-1 H-3-indolylcarbonyl)amino)phenylacetic acid (1 .01 g,71%) 
as a colorless solid. 

1 H-NMR (CDCI3) 5: 3.60 (s, 2H), 3.90 (s, 6H), 7.05 (d, J=6.8Hz, 1H), 7.22 (t, J=7.5Hz, 1H), 7.30 (t, J=7.5Hz, 1 H), 7.58 
(d, J=7.6Hz, 1 H), 7.95 (d, J=1 1 .5Hz, 1 H), 8.1 2 (d, J=7.3Hz, 1 H), 8.31 (s, 1 H), 8.80 (s, 1 H). 
40 MS(ESI)m/z357(M+1)+. 

(Step 3) Synthesis of trans-4-((4S)-fluoro-1-(2-fluoro-5-methoxy-4-((1 -methyl-1 H-3-indolylcarbonyl)amino) 
phenylacetyl)-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

45 [0840] 



50 




•CO,H 



55 [0841] In DMF (5 ml) were dissolved 2-fiuoro-5-methoxy-4-((1 -methyl-1 H-3-indolylcarbonyl)amino)phenyl)acetic ac- 
id (214 mg, 0.6 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound 
synthesized in (Step 3) of Example 21) (155 mg, 0.6 mmol), HOBt (154 mg, 1.14 mmol), DMAP (catalytic amount) and 
EDC-HCI (1 73 mg, 0.9 mmol). The resulting solution was stirred at room temperature for 1 8 hours. The reaction mixture 
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was poured in 1 M HCI to acidify the mixture, followed by extraction with ethyl acetate. The extract was washed with 
saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. 
The residue was purified by silica gel column chromatography (middle pressure Yamazen, chloroform, 10 ml/min, $ 
15 mm x 300 mm). To the purified ester were added THF (6 ml) and 0.25M NaOH (3.6 ml, 0.9 mmol) and the mixture 
5 was stirred for 1 8 hours at room temperature. Water was poured into the reaction mixture and the solution was acidified 
with 1 M HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and 
dried under reduced pressure to give the title compound (1 60 mg, 46%) as a colorless solid. 

1 H-NMR (DMSO) 5: 1.10-1.40 (m, 4H), 1 .85-2.25 (m, 6H), 3.20 (t, J=8.5Hz, 1H), 3.42-3.80 (m, 7H), 3.88 (s, 3H), 3.90 
(s, 3H), 4.15 and 4.33 (2m, total 1 H), 3.35 (m, 1H), 6.95 (dd, J=6.9,14.7Hz, 1H), 7.23 (t, J=7.5Hz, 1H), 7.28 (t, J=7.5Hz, 
10 1H), 7.55 (d, J=7.8Hz, 1H), 7.92 (dd, J=5.3,7.3Hz, 1H), 8.12 (d, J=7.5Hz, 1H), 8.30 (s, 1H), 8.88 (s, 1H). 
MS(ESI)m/z584 (M+1) + . 

Anal. Calcd for 03^3^2^06.0.25 H 2 0: C, 63.31; H, 6.08; N, 7.14. 
Found: C, 63.07; H, 6.10; N, 7.05. 

15 Example 77 

trans-4-(1 -(5-Chloro-2-f luoro-4-((1 ,2-dimethyM H-3-indolyicarbonyl)amino)phenylacetyl) - (4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

20 (Step 1 ) Synthesis of 1 ,2-dimethyl-1 H-indole-3-carboxylic acid 

[0842] 




[0843] Diisopropylamine (2.83 ml, 20.0 mmol) was dissolved in THF (35 ml). Under stirring at -78°C, n-butyl lithium 
(1 2.7 ml, 20.0 mmol, a 1 .57M hexane solution) was added to the resulting solution. After stirring at 0°C for 1 5 minutes, 
the reaction mixture was cooled again to -78°C. Under stirring, a solution of 1 -methyl-1 H-indole-3-carboxylic acid (1 .75 
g, 1 0.0 mmol) in THF (5 ml) was added. After the reaction mixture was stirred at the same temperature for 30 minutes, 

35 methyl iodide (3.42 ml, 55.0 mmol) was added. The reaction mixture was caused to rise back to room temperature 
over 30 minutes. The reaction mixture was poured into water and the mixture was stirred for 18 hours at room tem- 
perature. The reaction mixture was washed with ether. The water layer was acidified with 1 M HCI, followed by extraction 
with ether. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under 
reduced pressure to remove the solvent. The residue was purified by silica gel chromatography (middle pressure, linear 

40 gradient of chloroform/methanol from 10:0 to 20:1 , 20 ml/min, $ 50 x 300 mm) to give 1 ,2-dimethyl-1 H-indole-3-car- 
boxylic acid (180 mg, 1 0%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 8: 2.72 (s, 3H) , 3.72 (s, 3H), 7.12 (t, J=7.8Hz, 1H), 2.75 (t, J=8.3Hz, 1H), 7.48 (d, J=7.8Hz, 1H), 
7.97 (d, J=7.1Hz, 1H). 
MS (ESI)m/z190 (M+1) + . 

45 

(Step 2) Synthesis of (5-chloro-2-fluoro-4-((1,2-dimethyl-1H-3-indolylcarbonyl)amino)phenyl)acetic acid 
[0844] 

50 



F 



55 




[0845] In methylene chloride (8 ml) was dissolved 1,2-dimethyl-1H-indole-3-carboxylic acid (270 mg, 1.43 mmol) 
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was dissolved. Oxalyl chloride (0.19 ml, 2.1 mmol) was added to the solution under stirring at 0°C. The reaction mixture 
was stirred at room temperature for 1 hour and distilled under reduced pressure to remove the solvent. The residue 
was dissolved In methylene chloride (6 ml) and the resulting solution was added to a solution of triethylamine (0.56 
ml, 4.3 mmol) and ethyl (4-amino-3-chloro-6-fluorophenyl)acetate (331 mg, 1 .4 mmol) in methylene chloride (3 ml) 

5 under stirring at 0°C. The reaction mixture was heated at reflux for 18 hours. HOBt (catalytic amount) was added to 
the reaction mixture and the mixture was heated under reflux for 48 hours. After cooling, the reaction mixture was 
added with chloroform and a saturated aqueous solution of citric acid. The mixture was extracted with chloroform. The 
extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure 
to remove the solvent. The residue was purified by silica gel column chromatography (middle pressure Yamazen, linear 

io gradient of n-hexane/ethyl acetate form 9:1 to 7:3, 20 ml/min, $ 50 mm x 150 mm, dry silica gel adsorption method). 
The purified product was dissolved in THF (15 ml) and to the resulting solution was added 0.25M NaOH (8.6 ml, 2.2 
mmol). The mixture was stirred at room temperature for 18 hours. The reaction mixture was poured into 1M HCI to 
acidify therewith. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water 
and dried under reduced pressure to give (5-chloro-2-fluoro-4-((1 ,2-dimethyl-IH-3-indolylcarbonyl)amino)phenyl)acetic 

15 acid (264 mg, 49%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 5: 2.70 (s, 3H) , 3.65 (s, 2H), 3.77 (s, 3H), 7.21 (m, 2H), 7.58 (d, J=7.3Hz, 1H) f 7.93 (m, 1H), 7.99 
(d, J=1 1.8Hz, 1H),9.06 (s, 1H). 
MS (ESI) m/z 375 (M+1) + . 

20 (Step 3) Synthesis of trans-4-(1 -(5-chloro-2-fluoro-4-((1 ,2-dimethyl-1 H-3-indolylcarbonyl)amino)phenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[0847] (5-Chloro-2-fluoro-4-((1 ,2-dimethyM H-3-indolylcarbonyl)amino)phenyl)acetic acid (191 mg, 0.51 mmol), me- 

35 thyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of 
Example 21) (132 mg, 0.51 mmol), HOBt (131 mg, 0.97 mmol), DMAP (catalytic amount) and EDC-HCI salt (147 mg, 
0.77 mmol) were dissolved in DMF (2.5 ml). The resulting solution was stirred at room temperature for 18 hours. The 
reaction mixture was poured into 1M HCI, followed by extraction with ethyl acetate. The extract was washed with 
saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. 

40 The residue was purified by silica gel column chromatography (middle pressure Yamazen, linear gradient of chloroform/ 
methanol from 10:0 to 20:1, 20 ml/inin, <f> 50 mm x 150 mm). The residue was dissolved in THF (5 ml) and to the 
resulting solution was added 0.25M NaOH (3.1 ml, 0.77 mmol). The resulting mixture was stirred for 18 hours at room 
temperature. The reaction mixture was added to 1M HCI. The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water and dried under reduced pressure to give the title compound (227 mg, 

45 74%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 6: 1 .20-1.40 (m, 6H), 1.90 (m, 4H) , 2.20 (m, 2H), 2.72 (s, 3H), 3.20 (t, J=10.0Hz, 1H), 3.50 (m, 
1H), 3.60-4.00 (m, 3H), 3.75 (s, 3H), 4,12 and 4.35 (2m, total 1H), 5.38 (dd, J=35,55Hz, 1H), 7.20 (m, 2H), 7.48 (dd, 
J=7.3,11.8Hz, 1H), 7.55 (d, J=8.6Hz, 1H), 7.92 (d, J=8.3Hz, 1H), 7.95 (d, J=5.6Hz, 1H), 9.05 (s, 1H). 
MS (ESI) m/z 603 (M+1) + ; 

50 Anal. Calcd for C 31 H34CIF 2 N3O 5 .0.5H 2 O: C, 60.93; H, 5.77; N, 6.88. 
Found: C, 61 .12; H, 5.75; N, 6.84. 



[0846] 



25 



30 




55 
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Example 78 

trans-4-(1-((4-((2-lndolylcarbonyl)amino)-3-mett^ 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of tert-butyl (4-((2-indolylcarbonyi)amino)-3-methoxyphenyl)acetate 
[0848] 



15 




[0849] In DMF (10 ml), EDC HCI (1 .43 g, 7.45 mmol) was added to indole-2-carboxylic acid (1 .00 g, 6.21 mmol), 
tert-butyl 4-amino-3-methoxyphenylacetate (1.47g, 6.21 mmol), HOBt (0.42 g, 3.10 mmol), and DMAP (0.38 g, 3.10 

20 mmol). The resulting mixture was stirred at 60°C for 16 hours. Water was added to the reaction mixture, followed by 
extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from n-hexane : ethyl acetate (1:1, v/v) eluate fractions, tert-butyl (4-((2-indolylcarbonyl)amino)- 
3-methoxypheny!)acetate (1 .31 g, 55%) was obtained as a brown solid, 

25 1 H-NMR (CDCI 3 ) 6: 1.45 (s, 9H), 3.51 (s, 2H), 3.97 (s, 3H), 6.89 (broad s, 1H), 6.91 (d, J=8.1Hz, 1H), 7.00 (broad s, 
1 H), 7.1 6 (t, J=8.1 Hz, 1 H), 7.31 (t, J=8.1 Hz, 1 H), 7.46 (d, J=8.3Hz, 1 H), 7.69 (d, J=8.1 Hz, 1 H), 8.42 (d f J=B.3Hz, 1 H), 
8.54 (broad s, 1 H), 9.31 (broad s, 1 H). 
MS (ESI) m/z 381 (M++1). 

30 (Step 2) Synthesis of (4-((2-indolylcarbonyl)amino)-3-methoxyphenyl)acetic acid 

[0850] 



35 




[0851 ] In methylene chloride (20 ml) was dissolved tert-butyl (4-((2-indolylcaroonyl)amino)-3-methoxyphenyl)acetate 
(1 .31 g, 3.44 mmol). To the resulting solution was added TFA (10 ml) at 0°C. After the reaction mixture was stirred at 
room temperature for 1 hour, the reaction mixture was distilled under reduced pressure to remove the solvent, whereby 
45 (4-((2-indolylcarbonyl)amino)-3-methoxyphenyl)acetic acid (1 .11 g, 99%) was obtained as a brown solid. 

1 H-NMR (DMSO-d 6 ) 6: 3.57 (s, 2H), 3.86 (s, 3H), 6.87 (d, J=8.1Hz, 1H), 7.01 (s, 1H), 7.06 (t, J=7.8Hz, 1H), 7.21 (t, 
J=7.8Hz, 1H), 7.32 (s, 1H), 7.45 (d, J=8.1Hz, 1H), 7.64 (d, J=8.1Hz, 1H), 7.74 (d, J=8.1Hz, 1H), 9.32 (s, 1H), 11.72 
(broad s, 1H). 
MS (ESI) m/z 325 (M + +1) . 

50 
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(Step 3) Synthesis of methyl trans-4-(1-((4-((2-indolylca^ 
pyrrolidinylmethoxy)cyc!ohexanecart)oxylate 

[0852] 



10 




15 [0853] In DMF (6.0 ml) were dissolved (4-((2-indolylcarbonyl)amino)-3-methoxyphenyl)acetic acid (370 mg, 1.14 
mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in 
(Step 3) of Example 21) (296 mg, 1.14 mmol), HOBt (31.0 mg, 0.23 mmol), and DMAP (28.0 mg, 0.23 mmol). To the 
resulting solution was added EDC HCI (284 mg, 1 .48 mmol), followed by stirring at room temperature for 21 hours. 
Water was added to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed with sat- 

20 urated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl 
trans-4-(1-((4-((2-indotylcamonyl)amino)-3^ 

anecarboxylate (514 mg, 80%) was obtained as a yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 5: 1.17-1.33 (m, 2H), 1.39-1.56 (m, 2H), 1.97-2.50 (m, 7H), 3.25 (m, 1H), 3.33 and 3.50 (each m, 
25 1H), 3.62-3.91 (m, 8H), 3.96 (s, 3H), 4.25 and 4.38 (each m, total 1H), 5.24 (m, 1H), 6.86 (d, J=8.1Hz, 1H), 6.94 (m, 
1H), 7.02 (broad s, 1H), 7.17 (t, J=7.8Hz, 1H), 7.31 (t, J=7.8Hz, 1H), 7.47 (d, J=8.1Hz, 1H), 7.69 (d, J=8.1Hz/ 1H), 
8.42 (m, 1H), 8.55 (broad s, 1H), 9.52 (broad s, 1H). 
MS (ESI)m/z566 (M + +1). 

30 (Step 4) Synthesis of trans-4-(1 -((4-((2-indolylcarbonyl)amino)-3-methoxyphenyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0854] 



40 




45 [0855] In THF (1 0 ml) was dissolved methyl trans-4-(1 -((4-((2-indolylcarbonyl)amino)-3-methoxyphenyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (514 mg, 0.91 mmol). To the resulting solution was added 
0.25N NaOH (5.50 ml, 1.36 mmol), followed by stirring at room temperature for 18 hours. The reaction mixture was 
poured into 1N HCI (5.0 ml) to acidify the mixture. The crystals thus precipitated were collected by filtration under 
reduced pressure, washed with water, and dried under reduced pressure to give the title compound (479 mg, 95%) as 

so a colorless solid. 

IR (ATR) v 3662, 3415, 3278, 2987, 2942, 2900, 1724, 1702, 1658, 1600, 1536, 1486, 1450, 141 3 cm' 1 ; 
1 H-NMR (DMSO-d 6 ) 5: 1 . 1 2-1 .38 (m, 4H), 1 .86-2.26 (m, 7H), 3.18 (m, 1 H), 3.43-3.91 (m, 9H), 4.1 5 and 4.32 (each m, 
total 1 H), 5.31 and 5.37 (each m, total 1 H), 6.83 (m, 1 H), 6.94 and 6.97 (each d, J=1 .5Hz, total 1 H), 7.06 (t, J=7.8Hz, 
1H), 7.21 (t, J=7.8Hz, 1H), 7.32 (d, J=1.5Hz, 1H), 7.45 (d, J=8.1Hz, 1H), 7.64 (d, J=8.1Hz, 1H), 7.71 and 7.72 (each 
55 d, J=8.1Hz, total 1H), 9.34 (s, 1H), 11.74 (broad s, 1H), 12.02 (broad s, 1H). 
MS(ESI)m/z552 (M++1); 

Anal. Calcd for CaoH^F^Og 0.25H 2 O: C, 64.79; H, 6.25; N, 7.56. 
Found: C, 64.77; H, 6.23; N, 7.40. 
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Example 79 

trans-4-(1-((3-Bromo-4-((1-isoquinolinylcaroonyt)am 
cyclohexanecarboxylic acid: 

(Step 1 ) Synthesis of ethyl (3-bromo-4-((1 -isoquinolinylcarbonyl)amino)phenyl)acetate 
[0856] 




[0857] In DMF (1 5 ml) were dissolved 1 -isoquinolinecarboxylic acid (1 .00 g, 5.77 mmol), ethyl 4-amino-3-bromophe- 
nylacetate (1 .49 g, 5.77 mmol), HOBt (0.39 g, 2.89 mmol), and DMAP (0.14 g, 1 .15 mmol). To the resulting solution 
was added EDC HCI (1 .33 g, 6.93 mmol). After stirring at 60°C for 5 hours, the reaction mixture was cooled to room 

20 temperature. Water was added, followed by extraction with ethyl acetate. The extract was washed with saturated brine, 
dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from n-hexane:ethyl acetate (4:1, v/v) eluate fractions, 
ethyl (3-bromo-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetate (1 .64 g, 69%) was obtained as a yellow solid. 
1 H-NMR (CDCI 3 ) 5: 1.28 (t, J=7.1Hz, 3H) , 3.60 (s, 2H), 4.17 (q, J=7.1Hz, 2H), 7.32 (dd, J=8.5,2.0Hz, 1H) , 7.57 (d, 

25 J=2.0Hz, 1H), 7.71-7.78 (m, 2H), 7.88-7.91 (m, 2H), 8.59 (d, J=5.6Hz, 1H), 8.63 (d, J=8.5Hz/ 1H), 9.71 (m, 1H), 11.01 
(broads, 1H). 

MS (ESI) m/z413 (M++1) , 415 (M + +3) . 

(Step 2) Synthesis of (3-bromo-4*((1-isoquinolinylcarbonyl)amino)phenyl)acetic acid 

30 

[0858] 



35 




40 [0859] Ethyl (3-bromo-4-((1 -isoquinolinylcarbonyl)amino)phenyl)acetate (1 .64 g, 3.97 mmol) was dissolved in THF 
(40 ml). To the resulting solution was added 0.25N NaOH (24.0 ml, 5.95 mmol), and the mixture was stirred at room 
temperature for 8 hours. The reaction mixture was poured into 1 N HCI (50 ml) to acidify the mixture. The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water, and dried under reduced pressure 
to give (3-bromo-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetic acid (1 .50 g, 98%) as a pale yellow solid. 

45 1H-NMR (DMSO-d 6 ) 5: 3.63 (s, 2H), 7.36 (d, J=8.5Hz, 1H), 7.66 (s, 1H), 7.81 (m, 1H), 7.88 (m, 1H), 8.12 (d, J=8.3Hz, 
1H), 8.17 (d, J=5.4Hz, 1H). 8.21 (d, J=8.5Hz, 1H), 8.66 (d, J=5.4Hz, 1H), 9.36 (d, J=8.5Hz, 1H), 10.84 (s, 1H). 
MS (ESI) m/z 385 (M + +1), 387 (M++3). 
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(Step 3) Synthesis of methyl trans-4-(1-((3-bromo^-((1-isoquinolinylcart)onyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)^ 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0860] 

5 



F 



w 




[0861] In DM F (5.0 ml) were dissolved (3-bromo-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetic acid (350 mg, 0.91 
15 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in 
(Step 3) of Example 21) (236 mg, 0.91 mmol), HOBt (25.0 mg, 0.18 mmol), and DMAP (22.0 mg, 0.18 mmol). To the 
resulting solution was added EDC HCI (226 mg, 1 .18 mmol) and the mixture was stirred at room temperature for 22 
hours. Water was added to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed 
with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. 
20 The residue was purified by chromatography on a silica gel column, whereby from ethyl acetate elu ate fractions, methyl 
trans-4-(1-((3-bromo-4-((1-isoquinolinylcaroonyl)amm^^ 
clohexanecarboxylate (575 mg, 1 00%) was obtained as a yellow solid. 

1 H-NMR (CDCI 3 ) 6: 1.19-1.34 (m, 2H), 1.41-1.53 (m, 2H), 1.97-2.52 (m, 7H), 3.27 (m, 1H), 3.35 and 3.51 (each m, 
total 1 H), 3.60-4.03 (m, 8H), 4.22 and 4.39 (each m, total 1 H), 5.25 (m, 1 H), 7.29 (m, 1 H), 7.57 (m, 1 H), 7.71 -7.78 (m, 
25 2H), 7.88-7.91 (m, 2H), 8.59-8.64 (m, 2H), 9.71 (m, 1H), 11.00 (m, 1H). 
MS (ESI) m/z 626 (M + +1), 628 (M++3). 

(Step 4) Synthesis of trans-4-(1-((3-bromo-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

30 

[0862] 



35 




40 

[0863] Methyl trans-4-(1-((3-bromo-4-((1-isoquinolinylcaroonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (575 mg, 0.92 mmol) was dissolved in THF (10 ml), followed by the addition of 0.25N 
NaOH (5.50 ml, 1 .36 mmol). The resulting mixture was stirred at room temperature for 24 hours. The reaction mixture 
was poured into 1 N HCI (5.0 ml) to acidify the mixture. The crystals thus precipitated were collected by filtration under 
45 reduced pressure, washed with water, and dried under reduced pressure to give the title compound (529 mg, 94%) as 
a pale yellow solid. 

IR (ATR) v 2938, 2857, 1720, 1687, 1596, 1513, 1450 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 1 .14-1 .42 (m, 4H), 1 .86-2.27 (m, 7H), 3.1 7-3.92 (m, 7H), 4.1 5 and 4.34 (each m, total 1 H), 5.31 
and 5.38 (each m, total 1 H), 7.32 (m, 1H), 7.58 and 7.60 (each d, J=1 .2Hz, total 1H), 7.80 (td, J=8.5, 1 .2Hz, 1 H), 7.87 
so (td, J=8.5,1.2Hz, 1H) , 8.10 (d, J=8.3Hz, 1H), 8.15 (d, J=5.6Hz, 1H), 8.23 and 8.24 (each d, J=8.3Hz, 1H), 8.65 (d, 
J=5.6Hz, 1H), 9.39 (d, J=8.5Hz, 1H) t 10.84 (s, 1H), 12.00 (s, 1H). 
MS (ESI) m/z 612 (M++1) , , 614 (M + +3); 

Anal. Calcd for Cao^BrFNaOg: C, 58.83; H, 5.10; N, 6.86. Found: C, 58.85; H, 5.27; N, 6.45. 

55 
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Example 80 



trans^-(1 -((3-Chloro-4-((1 -isoquinoH^ 
cyclohexanecarboxylic acid: 



5 



(Step 1) Synthesis of methyl (3-chloro-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetate 



[0864] 



w 



15 




C0 2 Me 



[0865] In DMF (15 ml) were dissolved 1-isoquinolinecarboxylicacid (1 .00 g, 5.77 mmol), methyl 4-amino-3-chloroph- 
enylacetate (1.23 g, 6.16 mmol), HOBt (0.16 g, 1.15 mmol), and DMAP (0.14 g, 1.15 mmol). To the resulting solution 
was added EDC HCI (1 .33 g, 6.93 mmol), followed by stirring at room temperature for 14 hours. The reaction mixture 
20 was poured into water (40 ml). The crystals precipitated were collected by filtration under reduced pressure, washed 
with water and ether, dried under reduced pressure to give methyl (3-chloro-4-((1 -isoquinolinylcarbonyl)amino)phenyl) 
acetate (1 .14 g, 56%) as a brown solid. 

1 H-NMR (CDCI 3 ) 6: 3.62 (s, 2H), 3.72 (s, 3H), 7.29 (m, 1H). 7.40 (d, J=1.9Hz, 1H), 7.71-7.78 (m, 2H), 7.88-7.91 (m, 
2H), 8.58 (d, J=5.4Hz, 1H), 8.65 (d, J=8.3Hz, 1H), 9.71 (m, 1H), 11.02 (m, 1H). 
25 MS(ESI)m/z355(M + +1). 

(Step 2) Synthesis of (3-chloro-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetic acid 



[0867] Methyl (3-chloro-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetate (1 .14 g, 3.21 mmol) was dissolved in THF 
(33 ml). To the resulting solution was added 0.25N NaOH (19.3 ml, 4.82 mmol), and the mixture was stirred at room 
40 temperature for 14 hours. The reaction mixture was poured into 1 N HCI (5.0 ml). The crystals thus precipitated were 
collected by filtration under reduced pressure, washed with water, and dried under reduced pressure to give (3-chloro- 
4-((1-isoquinolinylcarbonyl)amino)phenyl)acetic acid (1 .07 g, 98%) as a brown solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.63 (s, 2H), 7.33 (dd, J=8.3, 1.7Hz, 1H), 7.51 (d, J=1.7Hz, 1H), 7.81 (td, J=8.3,1.7Hz, 1H), 
7.88 (td, J=8.3,1 .7Hz, 1 H), 8.12 (d, J=8.1 Hz, 1 H), 8.1 6 (d, J=5.6Hz, 1 H), 8.24 (d, J=8.3Hz, 1 H), 8.67 (d, J=5.6Hz, 1 H), 
45 9.34 (d, J=8.3Hz, 1H), 10.85 (s, 1H), 12.48 (broad s, 1H). 
MS (ESI) m/z341 (M + +1). 



[0866] 



30 



35 
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(Step 3) Synthesis of methyl trans-4-(1-((3-chloro-4-((1-isoquinolinylcaro^ 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0868] 

5 



F 



10 




15 [0869] In DMF (7.5 ml) were dissolved (3-chloro-4-((1 -isoquinolinylcaroonyl)amino)phenyl)acetic acid (250 mg, 0.73 
mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in 
(Step 3) of Example 21) (190 mg, 0.73 mmol), HOBt (20.0 mg, 0.15 mmol), and DMAP (18.0 mg, 0.15 mmol). To the 
resulting solution was added EDC HCI (211 mg, 1.10 mmol), followed by stirring at room temperature for 19 hours. 
Water was added to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed with sat- 

20 urated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl 
trans-4-(1-((3-chloro-4-((1-isoquinolinylcaroonyl)am 

anecarboxylate (399 mg, 94%) was obtained as a yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 8 1 .21 -1 .30 (m, 2H), 1 .44-1 .50 (m, 2H), 1 .98-2.48 (m, 7H), 3.27 (m, 1 H), 3.35 and 3.52 (each m, total 
25 1 H), 3.60-3.93 (m, 8H, including each singlet, total 3H, at 5: 3.65 and 3.67), 4.23 and 4.39 (each m, total 1 H), 5.26 (m, 
1H), 7.24 (m, 1H), 7.40 (m, 1H), 7.71-7.78 (m, 2H), 7.88-7.91 (m, 2H), 8.59 (d, J-5.4HZ, 1H), 8.64 (m, 1H), 9.71 (m, 
1H), 11.02 (m, 1H). 
MS (ESI) m/z 582 (M++1). 

30 (Step 4) Synthesis of trans-4-(1 -((3-chloro-4-((1 -isoquinolinylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0870] 

35 



40 




[0871] Methyl trans-4-(1-((3-chloro-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (399 mg, 0.69 mmol) was dissolved in THF (7.0 ml). To the resulting solution was 
45 added 0.25N NaOH (4.11 ml, 1 .03 mmol), followed by stirring at room temperature for 1 8 hours. The reaction mixture 
was poured into 1N HCI (1.1 ml). The crystals thus precipitated were collected by filtration under reduced pressure, 
washed with water, and dried under reduced pressure to give the title compound (347 mg, 89%) as a yellow solid. 
IR(ATR)v2935, 2861, 1716, 1596, 1527, 1442 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1 .13-1 .41 (m, 4H), 1 .85-2.25 (m, 7H), 3.1 7-3.89 (m, 7H), 4.14 and 4.34 (each m, total 1 H), 5.32 
so and 5.39 (each m, total 1H), 7.28 (m, 1H), 7.44 and 7.45 (m, total 1H), 7.81 (t, J=7.1Hz, 1H), 7.88 (t, J=7.1Hz, 1H), 
8.12 (d, J=8.1Hz, 1H), 8.16 (d, J=5.6Hz, 1H), 8.22 (m, 1H), 8.67 (d, J=5.6Hz, 1H), 9.31 (d, J=8.5Hz, 1H), 10.84 (s, 
1H), 12.02 (broad s, 1H). 
MS (ESI) m/z 568 (M++1); 

Anal. Calcd for C 30 H 31 CIFN 3 O 5 : C, 63.43; H, 5.50; N, 7.40. 
55 Found: C, 63.40; H, 5.62; N, 7.40. 



201 



EP 1 346 982 A1 



Example 81 

trans^-(1-((5-Chioro-2-fluoro-4-((1-isoquinollnylcato^ 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of ethyl (5*chloro-2-fluoro-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetate 
[0872] 




[0873] In methylene chloride (15 ml), diphenylphosphinic chloride (0.99 ml, 5.19 mmol) was added to 1-isoquinoli- 
necarboxylic acid (375 mg, 2.17 mmol), ethyl 4-amino-3-chlorophenylacetate (501 mg, 2.17 mmol), and triethylamine 

20 (1 .32 ml, 9.53 mmol), followed by stirring at room temperature for 24 hours. Water was added to the reaction mixture 
to separate therefrom an organic layer. The methylene chloride layer was washed with water, dried over anhydrous 
sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatog- 
raphy on a silica gel column, whereby from n-hexane-ethyl acetate (3:1 , v/v) eluate fractions, ethyl (5-chloro-2-f luoro- 
4-((1-isoquinolinylcarbonyl)amino)phenyl)acetate (690 mg, 82%) was obtained as a yellow solid. 

25 1 H-NMR (CDCI 3 ) 6: 1.28 (t, J=7.1Hz, 3H), 3.64 (s, 2H), 4.19 (q, J=7.1Hz, 2H), 7.36 (d, J=7.2Hz, 1H), 7.72-7.78 (m, 
2H), 7.88-7.91 (m, 2H), 8.57- 8.60 (m, 2H), 9.68 (m, 1H), 11.11 (broads, 1H). 
MS (ESI) m/z387 (M++1). 

(Step 2) Synthesis of (5-chloro-2-fluoro-4-((1-isoquinolinylcart)onyl)amino)phenyl)acetic acid 

30 

[0874] 



F 



35 




40 

[0875] Ethyl (5-chloro-2-f luoro-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetate (690 mg, 1.78 mmol) was dissolved 
in THF (18 ml). To the resulting solution was added 0.25N NaOH (1 0.7 ml, 2.68 mmol), and the resulting mixture was 
stirred at room temperature for 7 hours. The reaction mixture was poured into 1N HCl (3.0 ml). The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water, and dried under reduced pressure 
45 to give (5-chloro-2-fluoro-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetic acid (583 mg, 91%) as a pale yellow solid. 
1 H-NMR (DMSO-d 6 ) 8: 3.66 (s, 2H), 7.62 (d, J=7.5Hz, 1 H), 7.82 (m, 1 H), 7.88 (m, 1 H) ( 8.12 (d, J=8.5Hz, 1 H), 8.1 8 (d, 
J=5.6Hz, 1 H) , 8.23 (d, J=1 1 .5Hz, 1 H), 8.67 (d, J=5.6Hz, 1 H), 9.38 (d, J=8.5Hz, 1 H), 1 0.98 (broad s,1H), 1 2.59 (broad 
s, 1H). 

MS(ESI)m/z359(M + +1). 

50 
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(Step 3) Synthesis of methyl trans-4-(1-((5^hloro-2-fluoro-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0876] 

5 



10 




15 [0877] In DMF (5.5 ml) were dissolved (5-chloro-2-fluoro-4-((1-isoquinolinylcarbonyl)amino)phenyl)acetic acid (200 
mg, 0.56 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthe- 
sized In (Step 3) of Example 21) (145 mg, 0.56 mmol), HOBt (15.0 mg, 0.11 mmol), and DMAP (14.0 mg, 0.11 mmol). 
To the resulting solution was added EDC HCI (160 mg, 0.84 mmol), followed by stirring at room temperature for 21 
hours. The reaction mixture was added with water, followed by extraction with ethyl acetate. The extract was washed 

20 with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. 
The residue was purified by chromatography on a silica gel column, whereby from ethyl acetate el u ate fractions, methyl 
trans-4-(1 -((5-chloro-2-f!uoro-4-((1 -isoq 

cyclohexanecarboxytate (341 mg, 100%) was obtained as a yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 1.18-1.33 (m, 2H), 1.40-1.54 (m, 2H), 1.97-2.54 (m, 7H), 3.28 (m, 1H), 3.36 and 3.53 (each m, 
25 total 1H), 3.64 and 3.66 (each s, total 3H), 3.66-4.03 (m, 5H), 4.31 and 4.37 (each m, total 1H), 5.27 and 5.29 (each 
m, total 1H), 7.41 and 7.43 (each d, J=7.3Hz, total 1H), 7.72-7.78 (m, 2H), 7.88-7.91 (m, 2H), 8.54 and 8.58 (each d, 
J=9.7Hz, total 1H), 8.56 (d, J=5.6Hz, 1H), 9.68 (m, 1H), 11.09 (d, J=8.1Hz, 1H). 
MS (ESI) m/z 600 (M + +1). 

30 (Step 4) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-((1 -isoquinolinylcarbonyl)amino)phenyl)acetyl)-(4S)-f luoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0878] 



40 




[0879] To methyl trans-4-(1 -((5-chioro-2-fluoro-4-((1 -isoquinolinylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate (341 mg, 0.57 mmol) were added THF (5.8 ml) was added 0.25N NaOH 
45 (3.40 ml, 0.85 mmol), followed by stirring at room temperature for 14 hours. The reaction mixture was poured into 1 N 
HOI (1 .0 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed with water, 
and dried under reduced pressure to give the title compound (291 mg, 87%) as a yellow solid. 
IR (ATR) v 3282, 2940, 2863, 1722, 1693, 1650, 1619, 1581 , 1517 cm* 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1 .1 5-1 .41 (m, 4H), 1 .86-2.33 (m, 7H), 3.1 7-4.00 (m, 7H), 4.1 3 and 4.36 (each m, total 1 H), 5.32 
so and 5.41 (each m, total 1H), 7.49 and 7.53 (each d, J=7.3Hz, total 1H) , 7.82 (t, J=7.3Hz, 1H), 7.88 (t, J=7.3Hz, 1H), 
8.12 (d, J=8.1Hz, 1H), 8.18-8.23 (m, 2H), 8.67 (d, J=5.6Hz, 1H), 9.38 (d, J=8.8Hz, 1H), 10.95 (m, 1H), 12,02 (broad 
s,1H). 

MS (ESI) m/z 586 (M++1); 

Anal. Calcd for C^HgoCIFg^Os 0.25H 2 O: C, 61 .02; H, 5.21 ; N, 7.12. 
55 Found: C, 61.01; H.5.17; N, 7.00. 
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Example 82 



trans-4-(1-((3-Chloro-4-((7-fluoro-1-isoquinolinylcato^ 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl (3-Chloro-4-((7-fluoro-1-isoquinolinylcarbonyl)amino)phenyl)acetate 



[0881] In DMF (5 ml) were dissolved 7-fluoro-1-isoquinolinecarboxylic acid (250 mg, 1 .31 mmol), methyl 4-amino- 
3-chlorophenylacetate (262 mg, 1 .31 mmol), HOBt (catalytic amount), and DMAP (1 92 m g, 1 .57 mmol). To the resulting 
solution was added EDC HCI (290 mg, 6.93 mmol), followed by stirring at room temperature for 14 hours. The reaction 
mixture was poured into water (20 ml). The crystals thus precipitated were collected by filtration under reduced pressure, 
washed with ether and then dried under reduced pressure to give methyl (3-chloro-4-((7-fluoro-1-isoquinolinylcarbonyl) 
amino)phenyl)acetate (250 mg, 51%) as a colorless crystalline powder. 
1 H-NMR (CDCI 3 ) 5: 3.62 (s, 2H), 3.72 (s, 3H), 7.25 9.45 (series of m, 9H) . 
MS (ESI)m/z323 (M + +1). 

(Step 2) Synthesis of (3-chloro-4-((7-fluoro-1-isoquinolinylcarbonyl)amino)phenyl)acetic acid 



[0883] In THF (5 ml), 0.25N NaOH (4 ml, 4.82 mmol) was added to methyl (3-chloro-4-((7-fluoro-1-isoquinolinylcar- 
bonyl)amino)phenyl)acetate (100 mg, 0.27 mmol) and the resulting mixture was stirred at room temperature for 18 
hours. The reaction mixture was poured into 1 N HCI (2.0 ml). The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water, and dried under reduced pressure to give (3-chloro-4-((7-fluoro-1 -isoqui- 
nolinylcarbonyl)amino)phenyl)acetic acid (75 mg, 78%) as a colorless solid. 
MS (ESI)m/z359 (M + +1). 

(Step 3) Synthesis of methyl trans-4-(1-((3-chloro-4-((7-fluoro-1-isoquinolinylcarbonyl)amino)phenyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0880] 




F 



[0882] 



F 
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[0885] In DMF (5 ml) were suspended (3-chloro-4-((7-fluoro-1-isoquinolinylcarbonyl)amino)phenyl)acetic acid (57 
mg, 0.159 mmol), methyl trans-4-((4S)-fluoro-(25)-pyrrolldlnylmethoxy)cyclohexanecarboxylate (the compound syn- 
thesized in (Step 3) of Example 21) (42 mg, 0.159 mmol), HOBt (catalytic amount), and DMAP (24 mg, 0.191 mmol). 
To the resulting suspension was added EDC HCI (37 mg, 0.191 mmol), followed by stirring at room temperature for 20 
5 hours. The reaction mixture was poured into water, followed by extraction with ethyl acetate. The extract was washed 
with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. 
The residue was purified by chromatography on a silica gel column, whereby from ethyl acetate eiuate fractions, methyl 
trans-4-(1 -((3-chloro-4-((7-fluoro-1 -isoqw 

cyclohexanecarboxylate (105 mg, 100%) was obtained as a colorless amorphous substance. 
w 1 H-NMR (CDCI 3 ) 5 1 .21 -1 .31 (m, 2H), 1 .44-1 .51 (m, 2H), 1 .98-2.49 (m, 7H), 3.27 (m, 1 H), 3.35 and 3.52 (each m, total 
1H), 3.60-3.93 (m, 8H), 4.23 and 4.39 (each m, total 1H), 5.26 (m, 1H), 7.26 (m, 1H), 7.41 (m, 1H), 7.56 (m, 1H), 7.90 
and 7.92 (each m, 2H), 8.59 and 8.63 (each m, 2H), 9.46 (m, 1 H), 11 .01 (br d, 1 H). 
MS (ESI) m/z 560 (M + +1). 

15 (Step 4) Synthesis of trans-4-(1 -((3-chloro-4-((7-fluoro-1 -isoquinolinylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0886] 

20 

F 

N JpO' N ^0..{>C0 2 H 
H CI 




[0887] In THF (5 ml), 0.25N NaOH (1 .9 ml) was added to methyl trans-4-(1-((3-chloro-4-((7-fluoro-1-isoquinolinyl- 
carbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (95 mg, 0.15 mmol), fol- 
30 lowed by stirring at room temperature for 1 8 hours. The reaction mixture was poured into 1 N HCI (2 ml). The crystals 
thus precipitated were collected by filtration under reduced pressure, washed with water, and dried under reduced 
pressure to give the title compound (65 mg, 71 %) as a colorless crystalline powder. 

1 H-NMR (CDCI3) 5: 1.13-1.40 (m, 4H), 1.80-2.30 (m, 7H), 3.15-3.90 (m, 7H), 4.10 and 4.35 (each m, total 1H), 5.30 
and 5.40 (each m, total 1H), 7.25 (m, 1H), 7.41 (m, 1H), 7.54 (m, 1H), 7.89 (m, 1H), 7.92 (m, 1H), 8.59 (m, 1H), 8.62 
35 (m, 1H),9.45(m, 1H), 11.01 (brd, 1H). 
MS(ESI)m/z586(M + +1). 

Example 83 

40 trans-4-(1-(3-Chloro-4-((3-benzo(d)isothiazolylcarbonyl)amino)phenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 3-chloro-4-((3-benzo(d)isothiazolylcarbonyl)amino)phenylacetic acid 
45 [0888] 



50 




[0889] Methyl 4-amino-3-chlorpheny!acetate (50 mg, 0.25 mmol), 3-benzo(d)isothiazole-3-carboxylic acid (45 mg, 
55 0.25 mmol), HOBt (64 mg, 0.475 mmol), EDC (72 mg, 0.38 mmol) and DMAP (catalytic amount) were dissolved in 
DMF (2 ml). The resulting solution was stirred for 8 hours. The reaction mixture was poured into 1M HCI, followed by 
extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate 
and distilled under reduced pressure to remove the solvent. To the residue were added THF/methanol (4 ml, 3:1 ) and 
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1M NaOH (1 ml) and the resulting mixture was stirred for 18 hours at room temperature. The reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was acidified with 1M HCI. The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure 
to give 3-chloro-4-((3-benzo(d)isothiazolylcarbonyl)amino)phenylacetic acid (80 mg, 92%) as a colorless solid. 
5 1 H-NMR (DMSO-d 6 ) 8: 3.62 (s, 2H), 7.30 (d, J=8.1Hz, 1H), 7.50 (s, 1H), 7.64 (d, J=8.1Hz, 1H), 7.70 (d, J=8.1Hz, 1H) t 
7.95 (d, J=8.3Hz, 1H), 8.36 (d, J=8.1Hz, 1H), 8.80 (d, J=8.1Hz, 1H), 10.27 (s, 1H). 
MS (ESI)m/z347 (M+1) + . 

(Step 2) Synthesis of trans-4-(1 -(3-chloro-4-((3-benzo(d)isothiazolylcarbonyl)amino)phenylacetyl)-(4S)-fluoro-(2S)- 
w pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0890] 



20 




[0891] In DMF (1 .2 ml) were dissolved 3-chloro-4-((3-benzo(d)isothiazolylcarbonyl)amino)phenylacetic acid (80 mg, 
0.23 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized 

25 in (Step 3) of Example 21 ) (60 mg, 0.23 mmol), HOBt (59 mg, 0.44 mmol), DMAP (catalytic amount) and EDOHOI (66 
mg, 0.35 mmol). The resulting solution was stirred at room temperature for 1 8 hours. The reaction mixture was poured 
in 1 M HCI, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous 
magnesium sulfate and distilled under reduced pressure to remove the solvent. To the residue were added THF (2.1 
ml) and 0.25M NaOH (1 .26 ml, 0.32 mmol) and the mixture was stirred at room temperature for 1 8 hours. The reaction 

30 mixture was poured in ice water and acidified with 1 M HCI. The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water and dried under reduced pressure. The crude crystals thus obtained were 
recrystallized from chloroform/n-hexane to give the title compound (85 mg, 64%) as a colorless solid. 
1 H-NMR (DMSO-d 6 ) 5: 1.10-1.40 (m, 6H), 1 .82-2.20 (m, 6H), 3.20 (m, 1H), 3.50-4.40 (m, 6H), 5.36 (m, 1H), 7.26 (t, 
J=7.7Hz, 1 H), 7.64 (t, J=7.4Hz, 1 H), 7.71 (t, J=7.4Hz, 1 H), 7.94 (dd, J=4.9,8.3Hz, 1 H), 8.36 (d, J=8.3Hz, 1 H), 8.80 (d, 

35 J=8.3Hz, 1H), 10.27(s, 1H). 
MS (ESI) m/z 575 (M+1)+ 

Anal. Calcd for C^HggCIFNaOsS: C, 58.58; H, 5.13; N, 7.02. Found: C, 58.58; H, 5.13; N, 7.02. 
Example 84 

40 

trans-4-(1-(5-Chloro-2-fluoro-4-((4-fluoro-3-benzo (d) isothiazolylcarbonyl) amino) phenylacetyl) -(4S)-fiuoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylicacid: 

(Step 1) Synthesis of 4-fluorobenzo(d)isothiazoIe-3-carboxylic acid 

45 

[0892] 



50 




ss [0893] 3-Fluorobenzenethiol (5.0 g, 39.0 mmol) was dissolved in methylene chloride (200 ml), and oxalyl chloride 
(3.57 ml, 41 .0 mmol) and triethylamine (5.71 ml, 41 .0 mmol) were added to the solution under stirring at 0°C. The 
reaction mixture was stirred for 24 hours at room temperature. The reaction mixture was distilled under reduced pres- 
sure to remove the solvent. The residue was suspended in methylene chloride (1 00 ml). After aluminum chloride (7.8 
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g, 58.5 , mmol) was added to the reaction mixture under cooling at 0°C, the reaction mixture was stirred at room 
temperature for 4 hours. The reaction mixture was poured in ice water, followed by extraction with chloroform. The 
extract was washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure 
to remove the solvent. To the residue were added concentrated aqueous ammonia (28%, 50 ml) and hydrogen peroxide 

s (35% in water, 50 ml) and the mixture was stirred at room temperature for 24 hours. The crystals thus precipitated 
were collected by filtration and added with THF (100 ml) and 0.25M NaOH (60 ml, 15 mmol). The resulting mixture 
was heated under reflux for 24 hours. The reaction mixture was cooled to room temperature and poured in 1M HCI. 
The mixture was concentrated to dryness under reduced pressure. The residue was purified with chromatography on 
a silica gel column (middle pressure chromatography system Yamazen, C-18 column, linear gradient of H 2 0 (0.1% 

w HCOOH) and methanol (0.1% HCOOC) from 1 0% to 90%, 1 0 ml/min) to give 4-fluorobenzo(d)isothiazole-3-cart>oxylic 
acid (590 mg, 8%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 5: 7.51 (dt, J=2.5,9.1Hz, 1H) , 8.19 (dd, J=2.5,8.8Hz, 1H), 8.66 (dd, J=5.1,9.1Hz, 1H). 
MS (ESI) m/z198 (M+1) + . 

15 (Step 2) Synthesis of (5-chloro-2-fluoro-4-((4-fluoro-3-benzo(d)isothiazolylcarbonyl)amino)phenyl)acetic acid 
[0894] 



20 




25 

[0895] In DMF (10 ml) were dissolved 4-fluorobenzo(d)isothiazole-3-carboxylic acid (240 mg, 1.22 mmol), ethyl 
4-amino-5-chloro-2-fluorophenylacetate (282 mg, 1.22 mmol), HOBt (313 mg, 2.32 mmol), EDC HCI (351 mg, 1.83 
mmol) and DMAP (catalytic amount). The resulting solution was stirred for 4 days at room temperature. The reaction 
mixture was poured in 1 M HCI, followed by extraction with ethyl acetate. The extract was washed with saturated brine, 

30 dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
purified by silica gel column chromatography (middle pressure chromatography system from Yamazen, chloroform, 8 
ml/min, $ 15 mm x 300 mm). To the resulting ester were added THF (12 ml) and 0.25M NaOH (7.32 ml, 1 .83 mmol), 
followed by stirring at room temperature for 4 hours. The reaction mixture was poured in 1M HCI to acidify the mixture. 
The crystals thus precipitated were collected by filtration under reduced pressure, washed with water, and dried under 

35 reduced pressure to give (5-chloro-2-fluoro-4-((4-f luoro-3-benzo(d)isothiazolytcarbonyl)amino)phenyl)acetic acid (1 05 
mg, 22%) as a colorless solid, 

1 H-NMR (DMSO-d 6 ) 5: 1.28 (t, J=7.2Hz, 3H), 3.64 (s, 2H), 4.19 (q, J=7.2Hz, 2H), 7.34 (dt, J=2.2,9.1Hz, 1H), 7.37 (d, 
J=7.1Hz, 1H), 7.64 (dd, J=2.2,8.3Hz, 1H), 8.48 (d, J=11.5Hz, 1H), 9.00 (dd, J=5.1, 9.0Hz, 1H), 9.92 (s, 1H). 

40 (Step 3) Synthesis of trans-4-(1 -(5-chloro-2-fluoro-4-((4-fluoro-3-benzo(d)isothiazofylcarbonyl)amino)phenylacetyl) 
-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0896] 

45 



F 



50 




[0897] In DMF (3 ml) were dissolved (5-chloro-2-fluoro-4-((4-fluoro-3-benzo(d)isothiazolylcarbonyl)amino)phenyl) 
acetic acid (105 mg, 0.27 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the 
55 compound synthesized in (Step 3) of Example 21) (71 mg, 0.27 mmol), HOBt (70 mg, 0.52 mmol), DMAP (catalytic 
amount) and EDC-HCI salt (79 mg, 0.41 mmol). The resulting solution was stirred at room temperature for 1 8 hours. 
The reaction mixture was poured in 1 M HCI, followed by extraction with ethyl acetate. The extract was washed with 
saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. 
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The residue was purified by silica gel column chromatography, whereby a crude ester was obtained. The crude ester 
was added with THF (3.0 ml) and 0.25M NaOH (1.6 ml, 0.4 mmol) and the mixture was stirred at room temperature 
for 18 hours The reaction mixture was poured in 1M HCI. The crystals thus precipitated were collected by filtration 
under reduced pressure. The crude crystals were purified by C-1 8 column chromatography (middle pressure chroma- 
5 tography, linear gradient water/methanol, 10%-90%) to give the title compound (69 mg, 41 %) as a colorless solid. 
1 H-NMR (DMSO-d 6 ) 5: 1 .20 (m, 4H), 1 .95 (m, 4H), 2.05 (m, 2H), 3.50-4.00 (m, 6H), 4.05 and 4.20 (2m, total 1H), 5.40 
(m, 1H), 7.53 (m, 3H), 7.93 (m, 1H), 8.25 (dd, J=2.2,8.6Hz. 1H), 8.81 (dd, J=5.6,9.2Hz, 1H), 10.30 (m, 1H). 
MS (ESI) m/z 611 (M+1) + . Anal. Calcd for C^yCIFaNgOs 1.0 H 2 0: C, 53.55; H, 4.65; N, 6.69. 
Found: C, 53.3; H, 4.35; N, 6.68. 

w 

Example 85 

trans-4-(1-(5-Chloro-2-fluoro-(4-((3-benzo(d)isothiazo^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

15 

(Step 1 ) Synthesis of (5-chloro-2-fluoro-4-((3-benzo(d)isothiazolylcarbonyl)amino)phenyl)acetic acid 
[0898] 

20 

25 S-N CI 



[0899] Methyl 4-amino-5-chloro-2-fluorophenylacetate (753 mg, 3.25 mmol), benzo(d)isothiazole-3-carboxylic acid 
(583 mg, 3.25 mmol), HOBt (834 mg, 6.18 mmol), EDC HCI (934 mg, 4.88 mmol) and DMAP (catalytic amount) were 
dissolved in DMF (16 ml). The resulting solution was stirred for 10 hours at 80°C. After cooling, the reaction mixture 

30 was poured in 1M HCI followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
purified by silica gel column chromatography (middle pressure, n-hexane/ethyl acetate 9:1 , 15 ml/min, <(> 50 x 300 mm) 
to give ethyl (5«chloro-2-fluoro-4-((3-benzo(d)isothiazolylcarbonyl)amino)phenyl)acetate. The resulting ester was dis- 
solved in THF/methanol (4 ml, 3:1), and to the resulting solution was added 1 M NaOH (1 ml). The mixture was stirred 

35 for 1 8 hours at room temperature. The solvent was distilled off under reduced pressure, and the residue was poured 
in 1 M HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and 
dried under reduced pressure to give (5-chloro-2-fluoro-4-((3-benzo(d)isothiazolyicarbonyl)amino)phenyl)acetic acid 
(354 mg, 30%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.68 (s, 2H), 7.65 (d, J=7.3Hz, 1H), 7.66 (t, J=7.5Hz, 1H), 7.73 (t, J=7.5Hz, 1H), 7.99 (d, 
40 J=1 1.2Hz, 1H), 8.38 (d, J=8.3Hz, 1H), 8.81 (d, J=7.8Hz, 1H), 10.30 (s, 1H). 
MS (ESI) m/z 365 (M+1)+. 

(Step 2) Synthesis of trans-4-(1 -(5-chloro-2-fluoro-(4-((3-benzo(d)isothiazolyIcarbonyl)amino)phenyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

45 

[0900] 



F 



50 




55 



[0901 ] In DMF (1 .2 ml) were dissolved (5-chloro-2-fluoro-4-((3-benzo(d)isothiazolylcarbonyl)amino)phenyl)acetic ac- 
id (80 mg, 0.23 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound 
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synthesized in (Step 3) of Example 21) (60 mg, 0.23 mmol), HOBt (59 mg, 0.44 mmol), DMAP (catalytic amount) and 
EDCHCI (66 mg, 0.35 mmol). The resulting solution was stirred at room temperature for 18 hours. The reaction mixture 
was poured in 1M HCI followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
dissolved in THF (2.1 ml) and to the resulting solution was added 0.25M NaOH (1 .26 ml, 0.32 mmol). The mixture was 
stirred for 1 8 hours at room temperature. The reaction mixture was poured in ice water and acidified with 1 M HCI. The 
crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 
reduced pressure. The crude crystals thus obtained were recrystallized from chloroform/n-hexane to give the title com- 
pound (85 mg, 64%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 5 1.10-1.40 (m, 6H), 1.82-2.20 (m, 6H), 3.20 (m, 1H), 3.50-4.40 (m, 6H), 5.36 (m, 1H), 7.26 (t, 
J=7.7Hz, 1 H), 7.64 (t, J=7.4Hz, 1 H), 7.71 (t, J=7.4Hz, 1 H), 7.94 (dd, J=4.9,8.3Hz, 1 H), 8.36 (d, J=8.3Hz, 1 H), 8.80 (d, 
J=8.3Hz, 1H), 10.27 (s, 1H). 
MS (ESI) m/z 575 (M+1) + ; 

Anal. Calcd for CgsHggCIF^OgS: C, 58.58; H, 5.13; N, 7.02. 
Found: C, 58.58; H, 5.13; N, 7.02. 

Example 86 

trans-4-(1-(4-((Benzo (d)isothiazole-3-carbonyl)amino)-5-chloro-2-fluorophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of ethyl (2-nitrophenyl)acetate 

[0902] 




[0903] In ethanol (250 ml) was dissolved (2-nitrophenyl)acetic acid (1 8.5 g, 0.1 02 mmol), and to the resulting solution 
was added concentrated H 2 S0 4 (0.1 ml). The mixture was heated under reflux for 24 hours. The reaction mixture was 
cooled to room temperature and then, diluted with ethyl acetate. The diluted solution was washed with a saturated 
aqueous solution of sodium bicarbonate and saturated brine, dried over anhydrous magnesium sulfate and distilled 
under reduced pressure to remove the solvent, whereby ethyl (2-nitrophenyl)acetate (17.4 g, 82%) was obtained as a 
colorless solid. 

1 H-NMR (CDCI 3 ) 8 1.25 (t, J=7.1Hz, 3H), 4.02 (s, 2H), 4.17 (q, J=7.1Hz, 2H), 7.35 (d, J=7.6Hz, 1H), 7.47 (dt, 
J=1 .5,8.0Hz, 1H), 7.59 (dt, J=1 .5,7.6Hz, 1H), 8.10 (dd, J=1 ,2,8.1 Hz, 1H). 
MS (ESI) m/z 208 (M-1) + . 

(Step 2) Synthesis of ethyl benzo(d)isoxazole-3-carboxylate 
[0904] 




[0905] Ethyl 2-nitrophenyl)acetate (12.3 g, 58.6 mmol) and isoamyl nitrate (8.92 g, 76.1 mmol) were dissolved in 
ethanol (100 ml). Sodium methoxide (19.9 ml, 58.6 mmol, a 20% solution in ethanol) was added, followed by stirring 
at 50°C for 1.5 hours. The reaction mixture was cooled to room temperature and neutralized with 1M HCI (30 ml), 
followed by extraction with ether. The extract was dried over anhydrous magnesium sulfate and distilled under reduced 
pressure to remove the solvent. The residue was crystallized by the addition of chloroform/n-hexane and the crystals 
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were dried under reduced pressure for 18 hours. The crystals thus obtained were dissolved in 1 ,2-dimethoxyethane 
(100 ml) and to the resulting solution, a solution of sodium hydride (2.81 g, 70.3 mmol) in 1 ,2-dimethoxyethane (100 
ml) was added in portions. The reaction mixture was stirred at 150°C for 8 hours. Undercooling, the reaction mixture 
was poured to a saturated aqueous solution of sodium bicarbonate, followed by extraction with ether. The extract was 
5 washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove 
the solvent. The residue was purified by silica gel column chromatography (middle pressure chromatography system 
Yamazen, n-hexane/ethyl acetate 9:1 , 20 ml/min, 4 80 x 300) to give ethyl benzo(d)isoxazole-3-carboxylate (5.75 g, 
51%) as a brown solid. 

1 H-NMR (DMSO-d 6 ) 5: 1.50 (m, 3H), 4.56 (m, 2H), 7.45 (dt, J=1.2, 6.8Hz, 1H), 7.62 (dt, J=1.2,8.5Hz, 1H), 7.66 (dt, 
w J=1 .0,8.5Hz, 1H), 8.14 (dd, J=1.0,8.0Hz, 1H). 
MS (ESI) m/z192 (M+1)+ 

(Step 3) Synthesis of benzo(d)isoxazole-3-carboxylic acid 
15 [0906] 



20 




[0907] To ethyl benzo (d)isoxazole-3-carboxylate (2.0 g, 10.5 mmol) was added 50 ml of 70% H 2 S0 4 . The mixture 
was heated at 80°C for 4 hours. The reaction mixture was poured in ice, followed by extraction with ether. The extract 
25 was dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent, whereby 
benzo(d)isoxazole-3-carboxylic acid (980 mg, 57%) was obtained as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 5: 7.53 (dt, J=1.0,7.1Hz, 1H), 7.74 (dt, J=1.2,7.1Hz, 1H), 7.89 (dd, J=1.0,8.5Hz, 1H), 8.10 (dt, 
J=1 .0,8.1 Hz, 1H). 

30 (Step 4) Synthesis of (4-((benzo(d)isoxazole-3-carbonyl)amino)-5-chloro-2-fluorophenylacetic acid 
[0908] 



35 




40 

[0909] Benzo(d)isoxazole-3-carboxylic acid (475 mg, 2.91 mmol), ethyl 4-amino-5-chloro-2-fluorophenylacetate (675 
mg, 2.91 mmol), HOBt (747 mg, 5.53 mmol), EDC HCI (837 mg, 4.37 mmol) and DMAP (catalytic amount) were dis- 
solved in DMF (15 ml). The resulting solution was stirred for 24 hours at room temperature. The reaction mixture was 

45 poured in 1 M HCI, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over 
anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified 
by silica gel column chromatography (middle pressure chromatography system from Yamazen, chloroform, 8 ml/min, 
<j> 15 mm x 300 mm). The ester thus obtained was added with THF (30 ml) and 0.25M NaOH (17.5 ml, 4.37 mmol), 
followed by stirring at room temperature for 1 8 hours. The reaction mixture was poured in 1 M HCI to acidify the mixture. 

50 The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 
reduced pressure to give (4-((benzo(d)isoxazole-3-carbonyl)amino) -5-chloro-2-fluorophenyl)acetic acid (100 mg, 
10%) as a white solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.66 (s, 2H), 7.58 (t, J=8.0Hz, 1H), 7.62 (d, J=7.1Hz, 1H), 7.68 (d, J=11.4Hz, 1H), 7.79 (d, 
J=9.0Hz, 1H), 8.15 (d, J=B.8Hz, 1H), 10.61 (d, J=4.2Hz, 1H). 
55 MS(ESI)m/z349(M+1) + . 
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(Step 5) Synthesis of trans-4-(1 -(4-((benzo(d)isothiazole-3^art)onyl)amino)-5-chloro-2-fluorophenylacetyl)-(4S)- 
fluoro- (2S)-pyrrolidinyImethoxy)cyclohexanecarboxylic acid 

[0910] 



F 



w 




[0911] In DMF (3 ml) were dissolved (4-((benzo(d)isoxa2ole-3-carbonyl)amino)-5-chloro-2-fluorophenyl)acetic acid 
15 (100 mg, 0.29 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecart)oxylate (the compound 
synthesized in (Step 3) of Example 21) (74 mg, 0.29 mmol), HOBt (74 mg, 0.55 mmol), DMAP (catalytic amount) and 
EDC-HCI salt (83 mg, 0.43 mmol). The resulting solution was stirred at room temperature for 18 hours. The reaction 
mixture was poured in 1 M HCI, followed by extraction with ethyl acetate. The extract was washed with saturated brine, 
dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
20 purified by silica gel column chromatography. The ester thus obtained was added with THF (3.0 ml) and 0.25M NaOH 
(1.7 ml, 0.43 mmol), followed by stirring for 18 hours at room temperature. The reaction mixture was poured in ice 
water. The solution was acidified with 1 M HCI. The crystals thus precipitated were collected by filtration under reduced 
pressure, washed with water and dried under reduced pressure to give (100 mg, 61%) as a colorless solid. 
1 H-NMR (DMSO-d 6 ) 8: 1.05-1.50 (m, 4H) , 1.95 (m, 4H) , 2.04 (m, 2H), 3.50-4.00 (m, 6H), 4.05 and 4.08 (2m, total 
25 1H), 5.40 (m, 1H), 7.52 (m, 2H), 7.63 (m, 1H), 7.79 (t, J=7.8Hz, 1H), 7.94 (d, J=8.3Hz, 1H), 8.16 (d, J=8.1Hz, 1H), 
10.65 (br, 1H), 12.05 (br, 1H). 

MS (ESI) m/z 576 (M+1) + . Anal. Calcd for C 2 8H2bCIF 2 N 3 0 6 : C, C, 58.39; H, 4.90; N, 7.30. 
Found: C, 58.19; H, 4.87; N, 7.18. 

30 Example 87 

trans-4-(1-((5-Chloro-2-fluoro-4-((1-methyl-3-indazolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

35 (Step 1 ) Synthesis of methyl (2-nitrophenyl)acetate 

[0912] 



40 




45 [091 3] To (2-nitrophenyl)acetic acid (25.0 g, 0.1 4 mol) were added methanol (1 00 ml) and concentrated sulfuric acid 
(3.0 ml). The resulting mixture was heated under reflux for 10 hours. The reaction mixture was cooled to room tem- 
perature and then, distilled under reduced pressure to remove the solvent. The residue was dissolved in chloroform. 
The resulting solution was washed with a saturated aqueous solution of sodium bicarbonate, dried over anhydrous 
sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatog- 

50 raphy on a silica gel column, whereby from n-hexane-ethyl acetate (2:1 , v/v) eluate fractions, methyl (2-nitrophenyl) 
acetate (26.6 g, 97%) was obtained as a yellow oil. 

1 H-NMR (CDCI 3 ) 8: 3.72 (s, 3H), 4.03 (s, 2H), 7.36 (dd, J=7.3, 1.2Hz, 1H), 7.45 (m, 1H), 7.60 (m, 1H), 8.11 (dd, 
J=8.1, 1.2Hz, 1H). 
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(Step 2) Synthesis of methyl (2-acetamidophenyl)acetate 
[0914] 

a^C0 2 Me 
NHAc 

10 [0915] Methyl (2-nitropheny1)acetate (26.6 g, 0.14 mol) and acetic anhydride (51 .5 ml, 0.55 mol) were subjected to 
catalytic hydrogenation for 15 hours in toluene (150 ml) In the presence of 10% Pd/C (53.2% wet, 4.5 g). The reaction 
mixture was filtered to remove therefrom the catalyst, followed by washing with toluene. The filtrate was distilled under 
reduced pressure to remove the solvent. The residue was crystallized by the addition thereto of n-hexane and diiso- 
propyl ether. The crystals thus precipitated were collected by filtration, washed with n-hexane, and dried under reduced 

15 pressure to give methyl (2-acetamidophenyl)acetate (24.3 g, 84%) as a pale yellow solid. 

1 H-NMR (CDCI 3 )5: 2.21 (s, 3H), 3.63 (s, 2H), 3.72 (2, 3H), 7.11 (m, 1H), 7.20 (d, J=7.3Hz, 1H), 7.30 (m,1H), 7.83 (d, 
J=8.1Hz, 1H), 8.68 (broad s, 1H). 

(Step 3) Synthesis of methyl 1 -acetyl in dazole-3-carboxy late 

20 

[0916] 




30 [0917] Methyl (2-acetamidophenyl)acetate (24.3 g, 0.12 mol) and acetic anhydride (24.3 ml, 0.26 mmol) were dis- 
solved in acetic acid (60 ml). To the resulting solution, tert-butyl nitrite (90% purity, 18.6 ml, 0.14 mol) was added 
dropwise over 20 minutes under stirring at 90°C. After completion of the dropwise addition, the reaction mixture was 
stirred at 90°C for further 1 hour. The reaction mixture was cooled to room temperature and then, poured in water (500 
ml), followed by stirring for 1 hour. The crystals thus precipitated were collected by filtration under reduced pressure 

35 and dissolved in chloroform. The chloroform solution was washed with a saturated aqueous solution of sodium bicar- 
bonate and saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the 
solvent, whereby methyl 1 -acetyl indazo!e-3-carboxylate (22.3 g, 85%) was obtained as a yellow solid. 
1 H-NMR (CDCl 3 ) 5: 2.88 (s, 3H), 4.09 (s, 3H), 7.46 (m, 1H) , 7.61 (m, 1H), 8.22 (dd, J=8.1 ,1.0Hz, 1H), 8.46 (dd, 
J=8.6,1.0H 1H). 

40 

(Step 4) Synthesis of indazole-3-carboxylic acid 
[0918] 




50 

[0919] To methyl 1 -acetylindazoIe-3-carboxylate (22.3 g, 0.10 mol) were added sodium hydroxide (8.18 g, 0.20 mol) 
and water (640 ml) and the resulting mixture was stirred at 60 to 70°C for 6.5 hours. The reaction mixture was poured 
in concentrated HCI (30 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed 
with water and dried under reduced pressure to give indazole-3-carboxylic acid (17.6 g, 100%) as a pale yellow solid. 
55 1H-NMR (DMSO-d 6 ) 6: 7.29 (m, 1H), 7.44 (m, 1H), 7.65 (d, J=8.6Hz, 1H), 8.10 (d, J=8.1Hz, 1H), 12.96 (broad s, 1H), 
13.77 (broads, 1H). 
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(Step 5) Synthesis of methyl indazole-3-carboxylate 



[0920] 




:0 2 Me 



[0921] lndazole-3-carboxylic acid (5.00 g, 30.8 mmol) was dissolved in THF (200 ml) and methanol (15 ml). To the 
resulting solution was added (trimethylsilyl)diazomethane (a 2.0M n-hexane solution, 20 ml, 40.1 mmol) under stirring 
at 0°C. After stirring at room temperature for 3 hours, the reaction mixture was distilled under reduced pressure to 
remove the solvent. The residue was crystallized by the addition of n-hexane, and the crystals thus obtained were 
collected by filtration and dried under reduced pressure to give methyl indazole-3-carboxylate (3.71 g, 68%) as a 
colorless solid. 

1 H-NMR (CDCI 3 ) 6: 4.07 (s, 3H) , 7.34 (m, 1 H), 7.47 (m, 1 H), 7.70 (d, J=8.3Hz. 1 H), 8.24 (d, J=8.3Hz, 1 H), 1 1 .83 (broad 
s, 1H). 

MS (ESI) m/z1 77 (M + +1). 

(Step 6) Synthesis of methyl 1 -methylindazole-3-carboxylate and methyl 2-methylindazole-3-carboxylate 



[0923] Methyl indazole-3-carboxylate (3.71 g, 21.1 mmol) was dissolved in DMF (40 ml). To the resulting solution 
was added sodium hydride (60% in oil, 1 .01 g, 25.3 mmol) in portions under stirring at 0°C. The reaction mixture was 
stirred at the same temperature for 30 minutes. Methyl iodide (1 .57 ml, 25.3 mmol) was added to the mixture. The 
resulting mixture was stirred at the same temperature for 30 minutes. A saturated aqueous solution of ammonium 
chloride was added and the mixture was extracted with ethyl acetate. The extract was washed with saturated brine, 
dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from n-hexane-ethyl acetate (3:1 , v/v) eluate fractions, 
methyl 2-methylindazole-3-carboxylate (1 .62 g, 26%) was obtained as a pale yellow solid. 

1 H-NMR (CDCI 3 ) 5: 4.03 (s, 3H), 4.52 (s, 3H), 7.28 (m, 1 H), 7.35 (m, 1 H), 7.76 (d, J=8.3Hz, 1 H), 8.00 (d, J=8.3Hz, 1 H). 
MS(ESI)m/z191 (M++1). ' 

[0924] From n-hexane-ethyl acetate (1:1, v/v) eluate fractions, 1 -methylindazole-3-carboxylate (4.52 g, 73%) was 
obtained as a yellow solid. 

1 H-NMR (CDCI 3 ) 8: 4.04 (s, 3H), 4.17 (s, 3H), 7.31-7.35 (m, 2H), 7.46 (d, J=4.4Hz, 1H), 8.22 (d, J=8.1Hz, 1H). 
MS (ESI) m/z191 (M++1). 

(Step 7) Synthesis of 1 -methylindazole-3-carboxylic acid 



[0922] 




Me 



[0925] 
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[0926] In THF (250 ml) was dissolved methyl 1-methylindazole-3-carboxylate (4.49 g, 23.6 mmol). To the resulting 
solution was added 0.25N NaOH (145 ml, 35.4 mmol), followed by stirring at room temperature for 24 hours. The 
reaction mixture was distilled under reduced pressure to remove the solvent. To the residue was added 1N HCI (145 
ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed with water, and dried 
5 under reduced pressure to give 1 -methyl indazole-3-carboxylic acid (2.81 g, 68%) as a pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 6: 4,15 (s, 3H), 7.32 (m, 1H), 7.48 (m, 1H), 7.75 (d, J=8.1Hz, 1H), 8.08 (d, J=8.1Hz, 1H), 12.96 

(broad s, 1H). 

MS (ESI) m/z177 (M + +1). 

10 (Step 8) Synthesis of ethyl (5-chloro-2-fluoro-4-((1 -methyl-3-indazolylcarbonyl)amino)phenyl)acetate 
[0927] 




[0928] In benzene (30 ml), oxalyl chloride (0.54 ml, 6.24 mmol) was added dropwise to 1-methylindazolyl-3-carboxylic 
acid (1 .00 g, 5.68 mmol) and DMF (44.0 u.l, 0.57 mmol) under stirring at room temperature. After completion of the 

25 dropwise addition, the reaction mixture was stirred at room temperature fori hour. A solution of ethyl (4-amino-5-chloro- 
2-fluorophenyl)acetate (1 .31 g, 5.68 mmol) and triethylamine (4.74 ml, 34.0 mmol) in benzene (5.0 ml), which solution 
had been prepared in advance, was added to the reaction mixture. The resulting mixture was heated under reflux for 
4 hours. The reaction mixture was cooled to room temperature, followed by extraction with ethyl acetate. The extract 
was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 

30 the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane-ethyl acetate 
(3:1 , v/v) eluate fractions, (5-chloro-2-fluoro-4-((1 -methyl-3-indazolylcarbonyl)amino)phenyl)acetate (1 .40 g, 63%) was 
obtained as a colorless solid. 

1 H-NMR (CDCI 3 ) 5: 1 .28 (t, J=7.1 Hz, 3H), 3.62 (s, 2H) , 4.1 7 (s, 3H), 4.1 8 (q, J=7.1 Hz, 2H), 7.33-7.39 (m, 2H), 7.44-7.50 
(m, 2H), 8.38 (d, J=8.3Hz, 1H), 8.53 (d, J=1 1.9Hz, 1H), 9.50 (broad s, 1H). 
35 MS(ESI)m/z390 (M + +1). 

(Step 9) Synthesis of (5-chloro-2-fluoro-4-((1-methyl"3-indazolylcarbonyl)amino)phenyl)acetic acid 

[0929] 

40 



F 



45 




Me 



so [0930] To ethyl (5-chloro-2-fluoro-4-((1-methyl-3-indazolylcarbony!)amino)phenyl)acetate (1 .40 g, 3.59 mmol) were 
added THF (36 ml) and 0.25N NaOH (21 .5 ml, 5.39 mmol). The resulting mixture was stirred at room temperature for 
6 hours. The reaction mixture was poured in 1 N HCI (6.0 ml). The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water and dried under reduced pressure to give (5-chloro-2-f luoro-4-((1 -methyl- 
3-indazolylcarbonyl)amino)phenyl)acetic acid (1 .23 g, 95%) as a colorless solid. 

55 1 H-NMR (DMSO-d 6 ) 8: 3.65 (s, 2H), 4.21 (s, 3H), 7.37 (m, 1H), 7.53 (m, 1H), 7.59 (d, J=7.3Hz, 1H), 7.80 (d, J=8.6Hz, 
1H), 8.13 (d, J=11.4Hz, 1H), 8.21 (d, J=8.1Hz, 1H), 9.68 (s, 1H), 12.58 (broad s, 1H). 
MS(ESI)m/z362 (M++1). 
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(Step 10) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-((1 -methyl^ 
-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0931] 




Me 

is [0932] To (5-chloro-2-fluoro-4-((1 -methyl-3-indazolylcaroonyl)amino)phenyl)acetic acid (200 mg, 0.55 mmol), methyl 
trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Ex- 
ample 21) (143 mg, 0.55 mmol), HOBt (15.0 mg, 0.11 mmol), and DMAP (14.0 mg, 0.11 mmol) were added DMF (5.0 
ml) and EDC HCI (159 mg, 0.83 mmol). The resulting mixture was stirred at room temperature for 6 hours. Water was 
added to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine, 

20 dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl trans- 
4-(1-((5-chloro-2-fluoro-4-((1-methyl-3H^ 

cyciohexanecarboxylate (332 mg, 100%) was obtained as a yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 1.24-1.33 (m, 2H), 1.40-1.53 (m, 2H), 1.98-2.53 (m, 7H), 3.26-4.14 (m, 10H), 4.17 (s, 3H), 4.31 
25 and 4.38 (each m, total 1H), 5.26 and 5.31 (each m, total 1H), 7.29-7.53 (m, 4H), 8.39 (d, J=8.3Hz, 1H), 8.51 (m, 1H), 
9.50 (broads, 1H). 
MS (ESI) m/z 604 (M + +1). 

(Step 11) Synthesis of trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indazolylcarbonyl)amino)phenyl)acetyl)-(4S)- 
30 fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0933] 




[0934] To methyl trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indazolylcarbonyl)amino)phenyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (332 mg, 0.55 mmol) were added THF (5.5 ml) and 0.25N 
45 NaOH (3.30 ml, 0.82 mmol), and the resulting mixture was stirred at room temperature for 18 hours. The reaction 
mixture was poured in 1 N HCI (1 .1 ml). The crystals thus precipitated were collected by filtration under reduced pres- 
sure, washed with water and dried under reduced pressure to give the title compound (300 mg, 93%) as a colorless solid . 
IR (ATR) v 3363, 2938, 2863, 1725, 1687, 1648, 1621, 1585, 1525, 1481 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) S: 1 .1 8-1 .38 (m, 4H), 1 .86-2.33 (m, 7H), 3.1 8-3.99 (m, 7H), 4.1 3 and 4.35 (each m, total 1 H), 4.22 
50 (s, 3H), 5.33 and 5.42 (each m, total 1 H), 7.37 (m, 1 H), 7.45-7.56 (m, 2H), 7.82 (d, J=8.3Hz, 1 H), 8.08 and 8.1 0 (each 
d, J=1 1.4Hz, total 1H), 8.21 (d, J=8.3Hz, 1H), 9.71 (broad s, 1H), 12.06 (broads, 1H). 
MS (ESI) m/z 589 (M++1); 

Anal. Calcd for C 29 H 31 CIF 2 N 4 O 5 .0.25H 2 O: C, 58.68; H, 5.35; N, 9.44. 
Found: C, 58.46; H, 5.31 ; N, 9.25. 

55 



215 



EP 1 346 982 A1 

Example 88 

trans-4- (1-((5-Chloro-2-fluoro-4-((2-mett^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 2-methylindazole-3-carboxylic acid 

[0935] 



[0936] To methyl 2-methylindazole-3<arboxylate (1 .59 g, 8.36 mmol) were added THF (85 ml) and 0.25N NaOH (50 
ml, 12.5 mmol) and the resulting mixture was stirred at room temperature for 24 hours. The reaction mixture was 
distilled under reduced pressure to remove the solvent. To the residue was added water, followed by the addition of 
1 N HCI (50 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed with water 
20 and dried under reduced pressure to give 2-methylindazole-3-carboxylic acid (1 .34 g, 91%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 8: 4.43 (s, 3H), 7.29 (m, 1H), 7.35 (m, 1H), 7.74 (dd, J=8.1,1.0Hz, 1H), 7.98 (d, J=8.5Hz, 1H), 

13.59 (broads, 1H). 

MS (ESI)m/z177 (M + +1). 

25 (Step 2) Synthesis of ethyl (5-chloro-2-fluoro-4-((2-methyl-3-indazolylcarbonyl)amino)phenyl)acetate 
[0937] 





[0938] To 2-methylindazole-3-carboxy!ic acid (650 mg, 3.69 mmol) and DMF (29.0 |xl , 0.37 mmol) was added benzene 
(20 ml). Under stirring at room temperature, oxalyl chloride (0.39 ml, 4.43 mmol) was added dropwise to the resulting 
mixture. After completion of the dropwise addition, the reaction mixture was stirred for further 1 hour at room temper- 

*o ature. A solution of ethyl (4-amino-5-chloro-2-fluorophenyl)acetate (855 mg, 3.69 mmol) and triethylamine (3.09 ml, 
22.1 mmol) In benzene (3.0 ml), which had been prepared In advance, was added dropwise to the reaction mixture, 
and the mixture was heated under reflux for 16 hours. The reaction mixture was then cooled to room temperature, 
followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium 
sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on 

45 a silica gel column, whereby from n-hexane-ethyl acetate (5:1 , v/v) eluate fractions, ethyl (5-chloro-2-fluoro-4-((2-me- 
thyl-3-indazolylcarbonyl)amino)phenyl)acetate (390 mg, 27%) was obtained as a pale yellow solid. 
1 H-NMR (CDCI 3 ) 5: 1 .29 (t, J=7.1 Hz, 3H), 3.65 (s, 2H), 4.20 (q, J=7.1 Hz, 2H), 4.55 (s, 3H), 7.35-7.42 (m, 3H), 7.84 (d, 
J=8.3Hz, 1H),7.97 (d, J=8.1Hz, 1H),8.49 (d, J=11.5Hz, 1H),8.54 (broads, 1H). 
MS(ESI)m/z390 (M + +1). 

50 



55 
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(Step 3) Synthesis of (5-ch!oro-2-fluoro^-((2-methyl-3-indazolylcail3onyl)amino)phenyl)acetic acid 
[0939] 

5 

F 



10 




[0940] To ethyl (5-chloro-2-fluoro-4- ( (2-methyl-3-indazolylcart>onyl)amino)phenyl)acetate (390 mg, 1 .00 mmol) 
were added THF (1 0 ml) and 0.25N NaOH (6.00 ml, 1 .50 mmol). The resulting mixture was stirred at room temperature 
*5 for 16 hours. The reaction mixture was poured in 1N HCI (1.5 ml). The crystals thus precipitated were collected by 
filtration under reduced pressure, washed with water and dried under reduced pressure to give (5-chloro-2-fluoro- 
4-((2-methyl-3-indazolylcarbonyl)amino)phenyl)acetic acid (1.23 g, 95%) as a brown solid. 

1 H-NMR (DMSO-d 6 ) 6: 3.68 (s, 2H), 4.39 (s, 3H), 7.30 (m, 1 H), 7.38 (m, 1 H), 7.62 (d, J=7.6Hz, 1 H), 7.74-7.80 (m, 2H), 
8.03 (d, J=8.3Hz, 1H), 10.25 (broad s, 1H), 12.62 (broads, 1H). 
20 MS(ESI)m/z362 (M + +1). 

(Step 4) Synthesis of methyl trans-4- (1-((5-chloro-2-fluoro-4-((2-methyl-3-indazolylcarbonyl)amino)phenyl)acetyl) 
-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) cyclohexanecarboxylate 

25 [0941] 



30 




35 [0942] To (5-chloro-2-fluoro-4-((2-methyl-3-indazolylcarbonyl)amino)phenyl)aceticacid (200 mg, 0.55 mmol), methyl 
trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Ex- 
ample 21 ) (143 mg, 0.55 mmol), HOBt (15.0 mg, 0.11 mmol), and DMAP (14.0 mg, 0.11 mmol) were added DMF (5.0 
ml) and EDC HCI (159 mg, 0.83 mmol). The resulting mixture was stirred at room temperature for 6 hours. To the 
reaction mixture was added water, followed by extraction with ethyl acetate. The extract was washed with saturated 

40 brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl trans- 
4-(1-((5-chloro-2-fluoro-4-((2-methyl-3-indazolylc^ 

cyclohexanecarboxylate (313 mg, 94%) was obtained as a yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 1 .24-1 .29 (m, 2H), 1 .32-1 .58 (m, 2H), 1 .97-2.54 (m, 7H), 3.23-4.02 (m, 10H) , 4.31 and 4.38 (each 
45 m> total 1 H), 4.54 (s, 3H), 5.27 and 5.32 (each m, total 1 H), 7.31 -7.47 (m, 3H), 7.84 (d, J=7.6Hz, 1 H), 7.96 (d, J=8.3Hz, 
1 H), 8.47 (m, 1 H), 8.54 (broad s, 1 H). 
MS(ESI)m/z604(M + +1). 
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(Step 5) Synthesis of trans-4-(1 -((5^hloro-2-fluoro^-((2-methy!-3-indazolylcaitonyl)amino)phenyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0943] 

5 



10 




[0944] To methyl trans-4- (1 - ( (5-chloro-2-fluoro-4-((2-methyl-3-indazolylcaroonyl)amino)phenyl)acetyl)-(4S)- 
15 fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (313 mg, 0.52 mmol) were added THF (5.0 ml) and 0.25N 

NaOH (3.11 ml, 0.78 mmol). The resulting mixture was stirred at room temperature for 18 hours. To the reaction mixture 

was added 1N HCI (0.85 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed 

with water and dried under reduced pressure to give the title compound (253 mg, 83%) as a colorless solid. 

IR (ATR)v3409, 2942, 2861, 1725, 1681, 1646, 1621, 1587, 1521, 1454 cm" 1 ; 
20 1 H-NMR (DMSO-d 6 ) 6: 1.16-1.42 (m, 4H), 1.86-2.33 (m, 7H), 3.19-4.36 (m, 8H), 4.39 (s, 3H), 5.33 and 5.42 (each m, 

total 1H), 7.31 (m, 1H), 7.38 (m, 1H), 7.49 and 7.51 (each d, J=7.1Hz, total 1H), 7.74-7.77 (m, 2H), 8.04 (d, J=8.3Hz, 

1H), 10.27 (broads, 1H), 12.03 (broads, 1H). 

MS (ESI) m/z 589 (M++1); 

Anal. Calcd for Cggr^CIFgl^Og 0.25H 2 O: C, 58.68; H, 5.35; N, 9.44. 
25 Found: C, 58.68; H, 5.38; N, 9.32. 

Example 89 

trans-4-(1-((3-Chloro-4-((1-methyl-3-indazolylcaro^ 
30 cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl (3-Chloro-4-((1-methyl-3-indazolylcarbonyl)amino)phenyl) acetate 

[0945] 

35 



40 




Me 



[0946] To 1 -methylindazole-3-carboxylic acid (600 mg, 3.41 mmol) and DMF (27.0 u.l, 0.34 mmol) was added meth- 
ylene chloride (20 ml). Under stirring at room temperature, oxalyl chloride (0.36 ml, 4.09 mmol) was added dropwise 

45 to the resulting mixture. After completion of the dropwise addition, the reaction mixture was stirred at room temperature 
for 50 hours and the solvent was distilled off under reduced pressure. The residue was dissolved in methylene chloride 
(5 ml). The resulting solution was added to a solution of methyl 4-amino-3-chlorophenylacetate (680 mg, 3,41 mmol) 
and triethylamine (1 .42 ml, 1 0.2 mmol) in methylene chloride (5 ml) under stirring at room temperature. The reaction 
mixture was heated under reflux at room temperature for 7 hours. After the reaction mixture was cooled to room tern- 

50 perature, water was added thereto, followed by extraction with chloroform. The extract was washed with saturated 
brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from n-hexane-ethyl acetate (2:1 , v/v) eluate fractions, 
methyl (3-chloro-4-((1 -methyl-3-indazolylcarbonyl)amino)phenyl)acetate (1 .08 g, 89%) was obtained as a yellow solid. 
1 H-NMR (CDCI 3 ) 8: 3.61 (s, 2H), 3.72 (s, 3H), 4.18 (s, 3H), 7.24 (dd, J=8.6 t 2.0Hz, 1H), 7.34 (m,1H), 7.38 (d, J=2.0Hz, 

55 1H), 7.45-7.50 (m, 2H), 8.41 (d, J=8.0Hz, 1H), 8.61 (d, J=8.6Hz, 1H), 9.47 (broad s, 1H). 
MS (LCMS) m/z 358 (M++1 ) . 
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(Step 2) Synthesis of (3-chloro-4-((1 -methyl-3-indazolylcart)onyl)amino)phenyl)acetic acid 
[0947] 



5 



10 




[0948] To methyl (3-chloro-4-((1 -methyl-3-indazoly!caroonyl)amino)phenyl)acetate (1 .08 g, 3.02 mmol) were added 
THF (30 ml) and 0.25N NaOH (18.1 ml, 4.53 mmol) and the resulting mixture was stirred at room temperature for 16 
15 hours. The reaction mixture was poured in 1 N HCI (5.0 ml). The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water, and dried under reduced pressure to give (3-chloro-4-((1 -methyl-3-inda- 
zolylcarbonyl)amino)phenyl)acetic acid (0.99 g, 95%) as a brown solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.62 (s, 2H), 4.21 (s, 3H), 7.28 (dd, J=8.3,1 .7Hz, 1 H), 7.35 (m, 1 H), 7.47 (d, J=1 .7Hz, 1 H), 7.53 
(m, 1H), 7.80 (d, J=8.5Hz, 1H), 8.11 (d, J=8.3Hz, 1H), 8.21 (d, J=8.1Hz, 1H), 9.69 (s, 1H), 12.49 (broad s, 1H). 
20 MS (LCMS) m/z 344 (M + +1 ). 

(Step 3) Synthesis of methyl trans-4-(1-((3-chloro-4-((1-methyl-3-indazolylcarbonyl)amino)phenyl)acetyl)-(4S)- 
f!uoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

25 [0949] 



30 




Me 



35 

[0950] To (3-chloro-4-((1-methyl-3-indazolylcarbonyl)amino)phenyl)acetic acid (250 mg, 0.73 mmol), methyl trans- 
4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 
21) (189 mg, 0.73 mmol), HOBt (20.0 mg, 0.15 mmol), and DMAP (18.0 mg, 0.15 mmol) were added DMF (5.0 ml) 
and EDC HCI (209 mg, 1 .09 mmol). The resulting mixture was stirred at room temperature for 17 hours. The reaction 
40 mixture was added with water, followed by extraction with ethyl acetate. The extract was washed with saturated brine, 
dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from n-hexane-ethyl acetate (1 :2, v/v) eluate fractions, 
methyl trans-4-(1-((3-chloro«4-((1-methyl-3-ind 

oxy)cyclohexanecarboxylate (414 mg, 97%) was obtained as a yellow amorphous substance. 
45 1H-NMR (CDCI 3 ) 8: 1.21-1.29 (m, 2H), 1.33-1.53 (m, 2H), 1.97-2.50 (m, 7H), 3.24-4.09 (m, 10H), 4.15 (s, 3H), 4.21 
and 4.37 (each m, total 1H), 5.25 (m, 1H), 7.20 (m, 1H), 7.30-7.38 (m, 2H), 7.40-7.47 (m, 2H), 8.38 (d, J=8.1Hz, 1H), 
8.57 and 8.59 (each d, J=7.3Hz, total 1H), 9.44 (broad s, 1H). 
MS (ESI) m/z 586 (M + +1). 

50 



55 
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(Step 4) Synthesis of trans-4-(1 -((3-chloro-4-((1-methyl-3-indazolylcaroonyl)amino)^^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0951] 



10 




15 [0952] To methyl trans-4-(1«((3-chloro-4-((1-methyl-3-indazotylcaroonyl)^ 

rolidinylmethoxy)cyclohexanecarboxylate (414 mg, 0.71 mmol) were added THF (7.0 ml) and 0.25N NaOH (4.25 ml, 
1 .06 mmol). The resulting mixture was stirred at room temperature for 20 hours. To the reaction mixture was added 
1 N HCI (1 .5 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed with water, 
and dried under reduced pressure to give the title compound (353 mg, 87%) as a colorless solid. 

20 IR (ATR) v 3376, 2937, 2859, 1720, 1685, 1600, 1521, 1484cm- 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.14-1.41 (m, 4H), 1.85-1.99 (m, 4H), 2.08-2.26 (m, 3H), 3.16-3.88 (m, 7H), 4.14 and 4.34 
(each m, total 1H), 4.21 (s, 3H), 5.32 and 5.39 (each m, total 1H), 7.24 (m, 1H), 7.35 (m, 1H), 7.42 (d J=7.6Hz, 1H), 
7.53 (m, 1H),7.80 (d, J=8.1Hz, 1H), 8.10 (m, 1H), 8.21 (d, J=8.1Hz, 1H), 9.69 (s, 1H), 12.06 (broad s, 1H). 
MS (ESI) m/z 572(M++1); 

25 Anal. Calcd for CggH^CIFr^Os 0.25H 2 O: C, 60.52; H, 5.69; N, 9.73. 
Found: C, 60.57; H, 5.64; N, 9.50. 

Example 90 

30 trans-4-(1-(3-Chloro-4-((3-oxo-3,4-dihydro-2H-benzo(1,4)thiazine-5-yl-caroonyl)amino)phenylacetyl) 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of trans-4-(1-(3-Chloro-4-((3-oxo-3,4-dihydro-2H-benzo(1,4)thiazine-5-yl-carbonyl)amino) 
phenylacetyl)-(4S)-fluoro-(2S)-pyrro!idinylmethoxy)cyclohexanecarboxylic acid 

35 

[0953] 



F 



40 




45 

[0954] A mixture of trans-4-(1 -((4-amino-3-chlorophenyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexane- 
carboxylic acid (500 uJ_ of a 1.0M DMF solution, 0.50 mmol), 3-oxo-3,4-dihydro-2H-benzo(1 ,4)thiazine-5-carboxylic 
acid (1 05 mg, 0.5 mmol), HOBt (0.95 ml of a 1 .0M DMF solution, 0.95 mmol), EDC HCI (1 .5 ml of a 0.5M DMF/methylene 
chloride solution, 0.75 mmol) and DMAP (catalytic amount) was stirred in a screw vial for 1 8 hours at room temperature. 

50 The reaction mixture was diluted with chloroform (3 ml) and the diluted solution was poured in a fit syringe which had 
been prepacked with acidic Hydromatrix. The syringe was washed with chloroform. The solvent was distilled off and 
to the residue were added THF/methanol (4 ml, 3:1 ) and 1 M NaOH. The resulting mixture was stirred at room temper- 
ature for 1 8 hours. The reaction mixture was distilled and the residue was purified by high-performance liquid chroma- 
tography (ARW system) to give the title compound (15 mg, 5%) as a colorless solid. 

55 1H-NMR (DMSO-d 6 ) 5: 1.10-1 .40 (m, 4H), 1 .90 (m, 4H), 2.12 (m, 4H), 3.20 (m, 1 H), 3.40 (m, 1 H), 3.56 (s, 2H), 3.65-3.90 
(m, 4H), 4.11 and 4.32 (2m, total 1H), 5.32 (m, 1H), 7.14 (t, J=7.8Hz, 1H), 7.22 (m, 1H), 7.40 (d, J=6.0Hz, 1H), 7.51 
(m, 1H), 7.59 (d, J=7.8Hz, 1H), 7.80 (d, J=8.1Hz, 1H). MS (ESI) m/z 605 (M+1)+. Anal. Calcd for C 29 H 31 CIFN 3 0 6 S 
1 .0H 2 O: C, 55.99; H, 5.35; N, 6.75. 
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Found: C, 55.85; H, 5.12; N, 6.51. 
Example 91 

5 trans^-(1-(5-Chloro-2-fluoro-4-(1-(indolinyl)caro^ 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-(5-chloro-2-fluoro-4-(1-(indolinyl)carbonylamino)phenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinyImethoxy)cyclohexanecarboxylate 

10 

[0955] 



F 




20 

[0956] To methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized 
in (Step 3) of Example 21) (233 mg, 0.90 mmol), 5-chloro-2-fluoro-4-(1-indolinylcarbonylamino)phenylacetic acid (314 
mg, 0.90 mmol) and EDC-HCI (190 mg, 0.99 mmol) were added DMF (10 ml) and HOBt (24 mg, 0.18 mmol). The 
resulting mixture was stirred at room temperature for 18 hours. To the reaction mixture was added water, followed by 

25 extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from ethyl acetate/hexane (4/1) eluate fractions, methyl trans-4-(1 -(5-chloro-2-fluoro-4-(1 -(indolinyl) 
carbonylamino)phenylacetyl)-(4S)-fluoro-(2S)-pyrroIidinylmethoxy)cyclohexanecarboxylate (421 mg, 79%) was ob- 
tained as a colorless amorphous substance. 

30 1H-NMR (CDCI 3 ), mixture of rotamars, 6: 1.15-1.30 (m, 2H), 1.39-1.42 (m, 2H), 1.96-2.15 (m, 5H), 2.21-2.53 (series 
of m, 2H), 3.20-3.37 (m, overlap, 1H), 3.26 (t, J=8.8Hz, 1H), 3.50-3.60 (m, 2H), 3.64-4.00 (series of m, overlap, 4H), 
3.64 and 3.66 (s, total 3H), 4.1 3 (t, J-8.4Hz, 1 H), 4.27-4.40 (m, 1 H), 5.1 8-5.36 (m, 1 H), 6.98 (t, J=7.6Hz, 1 H), 7.1 7-7.23 
(m, 3H), 7.35 (dd, J=7.2,4.0Hz, 1H), 7.93 (d, J=8.0Hz, 1H), 8.22 (t, J=2.4Hz, 1H). 
MS(ESI)m/z590 (M++1). 

35 

(Step 2) Synthesis of trans-4-(1 -(5-chloro-2-fluoro-4-(1 -(indolinyl)carbonylamino)phenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0957] 



45 




[0958] To methyl trans-4-(1 -(5-chloro-2-fluoro-4-(1 -(indolinyl)carbonyiamino)phenylacetyl)-(4S)-fluoro-(2S)-pyrro- 
lidinylmethoxy)cyclohexanecarboxylate (394 mg, 0.67 mmol) were added methanol-THF (1 :1 , 20 ml) and 0.25N NaOH 

50 (1 3.4 ml, 3.34 mmol). The resulting mixture was stirred at room temperature for 1 8 hours. To the reaction mixture was 
added 1N HCI to acidify the mixture, followed by extraction with chloroform/methanol (10/1, v/v), The extract was 
washed with saturated brine, dried over anhydrous sodium sulfate, then distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform/methanol 
(10/1) eluate fractions, the title compound (419 mg, 100%) was obtained as a colorless amorphous substance. 

55 1 H-NMR (CDCI3), mixture of rotamars, 6: 1.20-1.33 (m, 2H) r 1.41-1.54 (m, 2H), 2.50-2.55 (series of m, 8H), 3.27 (t, 
J=8.0Hz, 2H), 3.33-4.38 (series of m, 7H), 4.14 (t, J=8.8Hz, 2H), 6.99 (t, J=7.6Hz, 1H), 7.19-7.24 (m t 3H), 7.34-7.37 
(m, 1H),7.93 (d, J=8.4Hz, 1H),8.22 (t, J=11.6Hz, 1H). 
MS (ESI) m/z 576 (M + +1). 
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Example 92 

trans^-(3-Chloro^-(1-(64luoroindo!inyl)cam^ 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of ethyl 3-Chloro-4-(1-(6-fluoroindolinyl)carbonylamino)phenylacetate 
[0959] 



F 




[0960] Ethyl 4-amino-3-chlorophenylacetate (520 mg, 2.43 mmol) was dissolved in THF (50 ml). Under stirring at 
room temperature, triphosgene (240 mg, 0.81 mmol) was added. The resulting mixture was stirred at room temperature 
for 1 hour. To the reaction mixture was added triethylamine (0.75 ml, 5.34 mmol), followed by the addition of a solution 
of 6-fluoroindoline (333 mg, 2.43 mmol) in THF (5 ml). After stirring at room temperature for 25 minutes, the reaction 
mixture was poured in water, followed by extraction with ethyl acetate. The extract was dried over anhydrous sodium 
sulfate, and distilled under reduced pressure to remove the solvent. The solid thus obtained was recrystallized from 
hexane/ethyl acetate to give ethyl 3-chloro-4-(1-(6-fluoroindolinyl)carbonylamino)phenylacetate (499 mg, 55%) as a 
colorless crystalline powder. 
MS (ESI) m/z 376 (M + +1). 

(Step 2) Synthesis of 3-chloro-4-(1-(6-fluoroindolinyl)carbonylamino)phenylacetic acid 
[0961] 



F 




[0962] Ethyl 3-chloro-4-(1-(6-fluoroindolinyl)carbonylamino)phenylacetate (499 mg, 1.32 mmol) was dissolved in 
THF/methanol (1/1 , 20 ml). To the resulting solution was added 0.25N NaOH (10.1 ml, 2.65 mmol), followed by stirring 
at room temperature for 2 hours. The reaction mixture was poured in aqueous 1 N HCI and extracted with a chloroform/ 
methanol (10/1) mixture. The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The resulting solid was recrystallized from hexane/chloroform to give 3-chloro-4-(1 -(6-fluoroin- 
doliny!)carbonylamino)phenylacetic acid (358 mg, 78%) as a colorless crystalline powder. 

1 H-NMR (DMSO-d 6 ) 8: 3.16 (t, J=8.8Hz, 2H), 3.59 (s, 2H), 4.18 (t, J=8.8Hz, 2H), 6.67 (brt, J=9.2Hz, 1H), 7.17 (brt, 
J=6.4Hz, 1H), 7.21 (d, J=8.0Hz, 1H), 7.40 (s, 1H), 7.50 (d, J=8.0Hz, 1H), 7.56 (dd, J=2.0,11 ,2Hz, 1H), 8.32 (s, 1H). 
MS (ESI) m/z 349 (M++1). 
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(Step 3) Synthesis of methyl trans-4-(3^hloro^-(1-(6-fluoroindolinyl)carbonylamino)phenylacetyl)-(4S)-fluoro-(2S)* 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

[0963] 

5 



10 




[0964] In DMF (12 ml), HOBt (28.0 mg, 0.23 mmol) was added to 3-chloro-4-(1-(6-fluoroindolinyl)carbonylamino) 
is phenylacetic acid (358 mg, 1 .03 mmol), methyl trans-9-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
(the compound synthesized in (Step 3) of Example 21) (266 mg, 1.03 mmol) and EDC-HCI (216 mg, 1.13 mmol) and 
the resulting mixture was stirred at room temperature for 1 8 hours. The reaction mixture was poured in water, followed 
by extraction with ethyl acetate. The extract was washed with water, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
20 whereby from hexane/ethyl acetate (1/5) eluate fractions, methyl trans-4-(3-chloro-4-(1-(6-fiuoroindolinyl)cart)onylami- 
no)phenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (599 mg, 99%) was obtained as a 
colorless amorphous substance. 

1 H-NMR (CDCI 3 ) t mixture of rotamars, 5: 1.20-1.31 (m, 2H), 1.42-1.53 (m, 2H), 1.97-2.10 (m, 5H), 2.22-2.61 (series 
of m, 2H), 3.24 (t, J=8.0Hz, 2H), 3.22-4.40 (series of m, 8H), 3.67 and 3.71 (s, total 3H), 4.20 (t, J=8.0Hz, 2H), 5.1 5-5.34 
25 (m, 1H), 6.63-6.68 (m, 1H), 7.03-7.10 (m, 2H), 7.16 (d, J=8.4Hz, 1H), 7.34 (brs, 1H), 7.76 (dd, J=2.0, 10.4Hz, 1H), 
8.23 (t, J=8.8Hz, 1H). 
MS (ESI)m/z590 (M++1). 

(Step 4) Synthesis of trans-4-(3-chloro-4-(1-(6-fluoroindolinyl)carbonylamino)phenylacetyl)-(4S)-fluoro-(2S)- 
30 pyrroIidinyImethoxy)cyclohexanecarboxylic acid 

[0965] 



35 




40 

[0966] Methyl trans-4-(3-ch!oro-4-(1-(6-fIuoroindolinyl)carbonylamino)phenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (575 mg, 0.98 mmol) was dissolved in THF/methanol (1/1 , 20 ml). To the resulting 
solution was added 0.25N NaOH (11 .7 ml, 2.92 mmol). The resulting mixture was stirred at room temperature for 18 

« hours. The reaction mixture was poured in 1 N HCI, followed by extraction with a chloroform/methanol (10/1) mixture. 
The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from chloroform/methanol (10/1) eluate frac- 
tions, the title compound (625 mg, 1 00%) was obtained as a colorless amorphous substance. 
1 H-NMR (DMSO-d 6 ), mixture of rotamars, 8: 1 .44-1 .55 (m, 2H) t 1 .59-1 .72 (m, 2H), 2.19-2.56 (series of m, 7H) ( 3.46 

50 (t, J=8.0Hz, 2H), 3.44-4.63 (series of m, 8H) , 4.49 (t, J=8.4Hz, 2H), 5.51-5.73 (m, 1H), 6.93-6.98 (m, 1H), 7.44-7.49 
(m, 2H), 7.64-7.66 (m, 1H), 7.81-7.89 (m, 2H), 8.55 and 8.56 (s, total 2H) (d, J=8.4Hz, 1H), 7.34 (brs, 1H), 7.76 (dd, 
J=2.0, 10.4Hz, 1H), 8.23 (t, J=8.8Hz, 1H) 
MS (ESI) m/z 576 (M + +1). 

55 
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4 

Example 93 

trans-4-(1-(2-(3-Pyridyl)-6-benzoxazo^ acid: 
5 (Step 1 ) Synthesis of methyl (2-(3-pyridyl)-6-benzoxazolyl)acetate 
[0967] 



w 




[0968] In EtOH (15 ml), pyridine-3-aldehyde (0.63 g, 5.89 mmol) and methyl 4-amino-3-hydroxyphenylacetate (1 .06 
g, 5.85 mmol) were stirred at room temperature for 20 hours. To the reaction mixture was added iodobenzehe diacetate 

*5 (2.26 g, 7.02 mmol), followed by stirring at room temperature for 20 minutes. The reaction mixture was distilled under 
reduced pressure to remove the solvent and the residue was dissolved in ethyl acetate. The ethyl acetate solution was 
washed with a saturated aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from n-hexane/ethyl acetate (1:1, v/v) eluate fractions, methyl (2-(3-pyridyl)-6-benzoxazolyl)acetate (360 mg, 

20 23%) was obtained as a pale yellow solid. 

1 H-NMR (CDCI 3 ) 6: 3.73 (s, 3H), 3.78 (s, 2H), 7.29 (s, 1H) , 7.44-7.50 (m, 1H), 7.56-7.57 (m, 1H), 7.72-7.73 (m, 1H), 
8.47-8.50 (m, 1H), 8.75-8.77 (m, 1H), 9.45-9.46 (m, 1H). 

(Step 2) Synthesis of (2-(3-pyridyl)-6-benzoxazolyl)acetlc acid 

25 

[0969] 



OvCT' 



[0970] To methyl (2-(3-pyridyl)-6-benzoxazolyl)acetate (360 mg, 1 .34 mmol) were added THF (8 ml) and 0.5N NaOH 
(8.0 ml, 4.00 mmol). The resulting mixture was stirred at room temperature for 20 hours. To the reaction mixture were 
35 added water and 1 N HCI (5.0 ml, 5 mmol) to acidify the mixture, followed by extraction with ethyl acetate. The extract 
was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent to give (2-(3-pyridyl)-6-benzoxazolyi)acetic acid (179 mg, 52%) as a yellow solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.78 (s, 2H), 7.34-7.36 (m, 1H), 7.62-7.79 (m, 3H), 8.52-8.55 (m, 1H), 8.80-8.82 (m, 1H), 
9.35-9.36 (m, 1H). 

40 

(Step 3) Synthesis of methyl trans-4-(1-(2-(3-pyridyl)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 

[0971] 

45 

[0972] In DMF (5 ml), (2-(3-pyridyl)-6-benzoxazoIyl)acetic acid (179 mg, 0.70 mmol), methyl trans-4-((4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 21) (182 
mg, 0.70 mmol), EDC-HCI (202 mg, 1.05 mmol), HOBt (143 mg, 1.06 mmol), and triethylamine (147 uJ, 1.05 mmol) 
55 were stirred at room temperature for 2 hours. The reaction mixture was added with water, followed by extraction with 
ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from chloroform-methanol (100:1 to 30:1 , v/v) eluate fractions, methyl trans-4-(1-(2-(3-pyridyl)-6-benzoxazolylacetyl) 
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-(4S)-fluoro-(2S)-pyrro!idinylm8thoxy)cyclohexanecarboxylate (304 mg, 87%) was obtained as a reddish brown thick 
sticky liquid. 

1 H-NMR (CDCI 3 ) 8: 1.21-1.53 (m, 4H), 1.97-2.52 (m, 7H). 3.23-3.55 (m, 2H), 3.65-4.08 (m, 8H), 4.25-4.30 and 4.40 
(each m, total 1H), 5.19-5.22 and 5.32-5.35 (each m, total 1H), 7.29-7.31 (m, 1H), 7.45-7.49 (m, 1H), 7.56-7.57 (m, 
5 1 H), 7.71 -7.74 (m, 1 H), 8.48-8.50 (m, 1 H), 8.75-8.76 (m, 1 H), 9.45 (s, 1 H). 
MS(ESI)m/z.496(M++1). 

(Step 4) Synthesis of trans-4-(1 -(2-(3-pyridyl)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid 

10 

[0973] 

[0974] To methyl trans-4-(1 -(2-(3-pyridyl)-6-benzoxa2olylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexane- 
20 carboxylate (304 mg, 0.61 mniol) were added THF (4 ml) and 0.5N NaOH (3.7 ml, 1 .85 mmol). The resulting mixture 
was stirred at room temperature for 2 hours. The reaction mixture was poured in ice-1 N HCI. The crystals thus precip- 
itated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to 
give the title compound (156 mg, 53%) as a pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 8: 1 .14-1 .35 (m, 4H), 1 .92-2.20 (m, 7H), 3.1 6-3.99 (m, 7H), 4.14 and 4.34-4.36 (each m, total 1 H), 
25 5.24-5.30 and 5.38-5.44 (each m, total 1H), 7.26-7.30 (m, 1H), 7.62-7.66 (m, 2H), 7.73-7.76 (m, 1H), 8.49-8.51 (m, 
1H), 8.78-8.79 (m, 1H), 9.33 (s, 1H). 
MS (ESI)m/z482 (M++1); 

Anal. Calcd for CggH^F^Og: C, 64.85; H, 5.86; N, 8.73. 
Found: C, 64.65; H, 5.92; N, 8.46. 

30 

Example 94 

trans-4- (1 -((2- (1 -Methyl-2-pyrrolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

35 

(Step 1) Synthesis of methyl (2-(1-methyl-2-pyrroIyl)-6-benzoxazolyl)acetate 
[0975] 

40 

Me 

45 

[0976] In ethanol (1 0 ml), 1 -methylpyrrole-2-carbaldehyde (0.33 ml, 3.09 mmol) and methyl 4-amino-3-hydroxyphe- 
nylacetate (559 mg, 3.09 mmol) were stirred for 4 hours at room temperature, lodobenzene diacetate (1.19 g, 3.70 
mmol) was added to the reaction mixture. After stirring at room temperature for 30 minutes, the reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
50 column, whereby from n-hexane-ethyl acetate (3:1, v/v) eluate fractions, methyl (2-(1-methyl-2-pyrrolyl)-6-benzoxa- 
zolyl)acetate (228 mg, 27%) was obtained as a yellow solid. 

1 H-NMR (CDCI 3 )8: 3.71 (s, 3H), 3.75 (s, 2H), 4.13 (s, 3H) , 6.24 (dd, J=3.9,1.7Hz, 1H), 6.86 (m, 1H), 7.06 (dd, J=3.9, 
1 .7Hz, 1 H), 7.20 (dd, J=8.1 ,1 .7Hz, 1 H), 7.45 (d, J=1 .0Hz, 1 H), 7.61 (d, J=8.3Hz, 1 H). 
MS (ESI) m/z 270 (M + ). 

55 



225 



EP 1 346 982 A1 



(Step 2) Synthesis of (2-(1-methyl-2-pyrrolyl)-6-benzoxazolyl)acetic acid 



[0977] 



ttfcr 



Me 



[0978] To methyl (2-(1 -methyl-2-pyrrolyl)-6-benzoxazolyl)acetate (228 mg, 0.84 mmol) were added THF (8.5 ml) and 
0.25N NaOH (5.10 ml, 1 .27 mmol). The resulting mixture was stirred at room temperature for 5 hours. The reaction 
mixture was poured in 1 N HCI (1 0 ml). The crystals thus precipitated were collected by filtration under reduced pressure, 
washed with water, and dried under reduced pressure to give (2-(1 -methyl-2-pyrrolyl)-6-benzoxazolyl)acetic acid (1 44 
mg, 67%) as a pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.69 (s, 2H), 4.06 (s, 3H), 6.21 (m, 1 H), 6.99 (m, 1 H), 7.1 7 (d, J=2.2Hz, 1 H), 7.22 (d, J=8.1 Hz, 
1H), 7.56 (s, 1H) t 7.61 (d, J=8.1Hz, 1H), 12.36 (broad s, 1H). 
MS (ESI) m/z 256 (M + ). 

(Step 3) Synthesis of methyl trans-4-(1-((2-(1-methyl-2-pyrrolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[0980] To (2-(1-methyl-2-pyrrolyl)-6-benzoxazolyl)acetic acid (144 mg, 0.56 mmol), methyl trans-4-((4S)-fluoro-(2S)- 
pyrrolidinylmethoxy) cyclohexariecarboxylate (the compound synthesized in (Step 3) of Example 21) (146 mg, 0.56 
mmol), HOBt (15.0 mg, 0.11 mmol) and DMAP (14.0 mg, 0.11 mmol) were added DMF (6.0 ml) and EDC HCI (162 
mg, 0.83 mmol). The resulting mixture was stirred at room temperature for 24 hours. To the reaction mixture was added 
water, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous 
sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatog- 
raphy on a silica gel column, whereby from ethyl acetate eluate fractions, methyl trans-4-(1-((2-(1-methyl-2-pyrrolyl)- 
6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (271 mg, 97%) was obtained as 
a pale yellow solid. 

1 H-NMR (CDCI 3 ) 6: 1.20-1.33 (m, 2H), 1.39-1.54 (m, 2H), 1.97-2.51 (m, 7H), 3.26 (m, 1H), 3.35 and 3.51 (each m, 
total 1H), 3.65 and 3.67 (each s, total 3H), 3.69-4.06 (m, 5H), 4.24 and 4.39 (each m, total 1H), 5.24 (m, 1H), 6.24 (m, 
1H), 6.86 (m, 1H), 7.06 (m, 1H), 7.18 (m, 1H), 7.44 (m, 1H), 7.60 (m, 1H). 
MS (ESI) m/z 498 (M++1). 

(Step 4) Synthesis of trans-4-(1-((2-(1 -methyl-2-pyrrolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid 



[0979] 



F 




[0981] 




Me 
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[0982] To methyl trans-4-(1-((2-(1 H7iethyl-2-pyrrolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate (271 mg, 0.54 mmot) were added THF (5.5 ml) and 0.25N NaOH (3,27 ml, 0.82 mmol). The 
resulting mixture was stirred at room temperature for 3 hours. The reaction mixture was poured in 1 N HCI (1 0 ml). The 
crystals thus precipitated were collected by filtration under reduced pressure, washed with water, and dried under 
5 reduced pressure to give the title compound (237 mg, 91%) as a colorless solid. 
IR (ATR) v 2938, 2861, 1718, 1644, 1627, 1575, 1523, 1423 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 1 .09-1 .39 (m, 4H), 1 .84-2.27 (m, 7H), 3.15-4.03 (m, 7H), 4.06 (s, 3H), 4.12 and 4.32 (each m, 
total 1 H), 5.30 and 5.36 (each m, total 1 H), 6.21 (m, 1 H) f 6.98 (m, 1 H), 7.1 6-7.20 (m, 2H), 7.49 and 7.51 (each m, total 
1H), 7.59 and 7.60 (each d, J=8.1Hz, total 1H), 12.01 (broad s, 1H). 
10 MS(ESI)m/z484(M + +1); 

Anal. Calcd for C^H^FNaOs: C, 64.58; H, 6.25; N, 8.69. 
Found: C, 64.35; H, 6.28; N, 8.49. 

Example 95 

15 

trans-4-(1-(2-(1-Naphthyl)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 
(Step 1) Synthesis of methyl (2-(1-naphthyl)-6-benzoxazolyl)acetate 
20 [0983] 



25 




[0984] In EtOH (8 ml), 1 -naphthaldehyde (263 mg, 1.68 mmol) and methyl 4-amino-3-hydroxyphenylacetate (305 
mg, 1 .68 mmol) were stirred at room temperature for 12 hours, lodobenzene diacetate (651 mg, 2.02 mmol) was added 
to the reaction mixture, followed by stirring at room temperature for 5 minutes. After removal of the solvent by distilling 
30 the reaction mixture under reduced pressure, the residue was purified by chromatography on a silica gel column, 
whereby from n-hexane/ethyl acetate (6:1, v/v) eluate fractions, methyl (2-(1-naphthyl)-6-benzoxazolyl)acetate (223 
mg, 42%) was obtained as a pale yellow solid. 

1 H-NMR (CDCI 3 ) 5: 3.73 (s, 3H), 3.79 (s, 2H), 7.29-7.31 (m, 1H), 7.56-7.61 (m, 3H), 7.68-7.76 (m, 1H), 7.80-7.82 (m, 
1H), 7.91-7.94 (m, 1H), 8.01-8.03 (m, 1H), 8.39-8.41 (m, 1H), 9.42-9.45 (m, 1H). 
35 MS(ESI)m/z318(M + +1). 

(Step 2) Synthesis of (2-(1-naphthyl)-6-benzoxazolyl)acetic acid 

[0985] 




[0986] To methyl (2-(1-naphthyl)-6-benzoxazolyl)acetate (223 mg, 0.70 mmol) were added THF (4 ml) and 0.5N 
NaOH (4.2 ml, 2.10 mmol). The resulting mixture was. stirred at room temperature for 2 days. The reaction mixture was 
acidified with ice-1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed 
50 with water and dried under reduced pressure to give (2-(1-naphthyl)-6-benzoxazolyl)acetic acid (194 mg, 91%) as a 
pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 6: 3.78 (s, 2H), 7.34-7.36 (m, 1H), 7.65-7.78 (m, 4H), 7.84 (d, J=8. 1Hz/ 1H), 8.09 (d, J=8. 1Hz, 
1H), 8.21-8.23 (m, 1H), 8.43-8.45 (m, 1H), 9.40-9.42 (m, 1H). 
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(Step 3) Synthesis of methyl trans-4-(1-(2-(1-naphthyl)-6-benzoxazo 
cyclohexanecarboxylate 



[0988] In DMF (7 ml), (2-(1-naphthyl)-6-benzoxazolyl)acetic acid (194 mg, 0.64 mmol), methyl trans-4-((4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecart)oxylate (the compound synthesized in (Step 3) of Example 21) (166 
mg, 0.64 mmol), EDC-HCt (184 mg, 0.96 mmol), HOBt (130 mg, 0.96 mmot), and triethylamine (134 u.l, 0.96 mmol) 
were stirred at room temperature for 13 hours. Water was added to the reaction mixture, followed by extraction with 
ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column with 
chloroform-methanol (100:1 to 60:1, v/v) eluate fractions, methyl trans-4- (1- (2-(1-naphthyl)-6-benzoxazolylacetyl) - 
(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (310 mg, 89%) was obtained as a pale yellow solid. 
1 H-NMR (CDCI 3 ) 8: 1.21-1.53 (m, 4H), 1.96-2.51 (m, 7H), 3.25-3.54 (m, 2H), 3.63-4.10 (m, 8H), 4.25-4.30 and 4.40 
(each m, total 1H), 5.17-5.19 and 5.31-5.32 (each m, total 1H), 7.27-7.29 (m, 1H), 7.56-7.61 (m, 3H), 7.68-7.72 (m, 
1 H), 7,79-7.82 (m, 1 H), 7.93 (d, J=8.1 Hz, 1 H), 8.02 (d, J=8.1 Hz, 1 H), 8.39-8.41 (m, 1 H), 9.43-9.45 (m, 1 H). 
MS (ESI)m/z545 (M++1). 

(Step 4) Synthesis of trans-4-(1 -(2-(1 -naphthyl)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid 



[0990] To methyl trans-4-(1-(2-(1 -naphthyl)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidiny!methoxy)cyclohex- 
anecarboxylate (310 mg, 0.57 mmol) were added THF (3.0 ml) and 0.5N NaOH (3.4*ml, 1.70 mmol). The resulting 
mixture was stirred at room temperature for 1 3 hours. The reaction mixture was acidified with ice-1 N HCI. The crystals 
thus precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced 
pressure to give the title compound (110 mg, 33%) as a white solid. 

1 H-NMR (DMSO-d 6 ) 5: 1 .11-1 .36 (m, 4H), 1.83-2.20 (m, 7H), 3.19-4.01 (m, 7H), 4.14 and 4.36-4.38 (each m, total 1H), 
5.25-5.31 and 5.38-5.45 (each m, total 1H), 7.28-7.32 (m, 1H), 7.64-7.85 (m, 5H) t 8.09 (d, J=8,0Hz, 1H), 8.21 (d, 
J=8.0Hz, 1H), 8.42-8.44 (m, 1H), 9.40-9.42 (m, 1H). 
MS (ESI) m/z531 (M + +1); 

Anal. Calcd for C 31 H 31 FN 2 05 1/2H 2 0: C, 69.00; H, 5.98; N, 5.19. 
Found: C, 69.11 ; H, 5.76; N, 5.17. 



[0987] 




[0989] 
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Example 96 

trans^-(1 -((2-(5-Ch!oro-1 -methyl 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 5-chloro-1-methylindole 

[0991] 




Me 

15 

[0992] In DMF (65 ml) was dissolved 5-chloroindole (5.00 g, 33.0 mmol), followed by the addition of sodium hydride 
(60% in oil, 1 .45 g, 36.3 mmol) in portions under stirring at 0°C. After the reaction mixture was stirred further for 30 
minutes at the same temperature, methyl iodide (2.46 ml, 39.6 mmol) was added. The resulting mixture was stirred at 
0°C for 30 minutes. Ice water was added to the reaction mixture, followed by extraction with ethyl acetate. The extract 
20 was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane-ethyl acetate 
(3:1, v/v) eluate fractions, 5-chloro-1-methylindole (5.89 g, 100%) was obtained as a yellow oil. 
1H-NMR (CDCI3) 5: 3.78 (s, 3H), 6.42 (d, J=3.2Hz, 1 H), 7.06 (d, J=3.2Hz, 1 H), 7.1 7 (dd, J=8.3Hz, 1 H), 7.23 (d, J=8.3Hz, 
1H), 7.59 (d, J=1.9Hz, 1H). 

25 

(Step 2) Synthesis of 5-chloro-1-methylindole-3-carbaldehyde 
[0993] 



CHO 




[0994] While stirring DMF (70 ml) at 0°C, phosphoryl chloride (4.97 ml, 53.3 mmol) was added dropwise in portions. 
After completion of the dropwise addition, the reaction mixture was stirred further for 10 minutes at the same temper- 
ature. A solution of 5-chloro-1 -methylindole (5.89 g, 35.6 mmol) in DMF (1 0 ml) was added. The resulting mixture was 

40 stirred for cyclohexanecarboxylic time at 60°C for 6 hours. The reaction mixture was cooled to room temperature, and 
added to a saturated aqueous solution of sodium bicarbonate in portions, followed by extraction with chloroform. The 
extract was washed with saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced pres- 
sure to remove the solvent under reduced pressure. The residue was purified by chromatography on a silica gel column, 
whereby from ethyl acetate eluate fractions, 5-chloro-1 -methyl indole-3-carbaldehyde (5.51 g, 80%) was obtained as 

45 a colorless solid. 

1 H-NMR (CDCI 3 ) 5: 3.87 (s, 3H), 7.27 (d, J=8.5Hz, 1H), 7.31 (dd, J=8,5,1.9Hz, 1H), 7.69 (s, 1H), 8.30 (d, J=1 .9Hz, 
1H), 9.96 (s,1H). 
MS(ESI)m/z193 (M + +1). 
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(Step 3) Synthesis of (2-(5-chloro-1-methyl-3-jndolyl)-6-benzoxazolyl)acetic acid 
[0995] 

5 



10 




[0996] In EtOH (9.0 ml), 5-chloro-1-methylindole-3-carbaldehyde (534 mg, 2.76 mmol) and methyl 4-amino-3-hy- 
droxyphenylacetate (500 mg, 2.76 mmol) were stirred for hours. After iodobenzene diacetate (2.03 g, 6.31 mmol) was 

15 added to the reaction mixture and the mixture was stirred at room temperature for 1 hour, the solvent was distilled off 
under reduced pressure. The residue was purified by chromatography on a silica gel column, whereby from n-hexane- 
ethyl acetate (1 :1 , v/v) eluate fractions, a mixture (594 mg) of methyl (2-(5-chloro-1-methyl-3-indolyl)-6-benzoxazolyl) 
acetate and 5-ch!oro-1-methylindole-3-carboxaldehyde was obtained. To the resulting mixture were added THF (17 
ml) and 0.25N NaOH (1 0.0 ml, 2.50 mmol) and the mixture was stirred at room temperature for 23 hours. The reaction 

20 mixture was distilled under reduced pressure to remove the solvent. To the residue was added 1 N HCI (1 0 ml), followed 
by extraction with chloroform-methanol (4:1 , v/v). The extract was dried over anhydrous sodium sulfate and distilled 
under reduced pressure to remove the solvent to give (2-(5-chloro-1 -methy1-3-indolyl)-6-benzoxazolyl)acetic acid (88 
mg, 9%) as a brown solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.73 (s/ 2H), 3.94 (s, 3H), 7.25 (dd, J=8.1 ,1 .7Hz, 1 H), 7.36 (dd, 1 H , J=8.8, 1 .7Hz, 1 H), 7.62-7.68 
25 (m, 3H), 8.30 (d, J=1.7Hz, 1H), 8.41 (s, 1H), 12.38 (broad s, 1H) . 
MS (ESI) m/z341 (M++1). 

(Step 4) Synthesis of methyl trans-4-(1-((2-(5-chloro-1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

30 

[0997] 



OM^^-C0 2 Me 

40 

[0998] To (2-(5-chloro-1-methyl-3-indolyl)-6-benzoxazolyl)acetic acid (88.0 mg, 0.26 mmol), methyl trans-4-((4S)- 
fluoro-(2S)-pyrrolidinyimethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 21) (67.0 
mg, 0.26 mmol), HOBt (10.0 mg, 0.05 mmol), and DMAP (9.1 mg, 0.05 mmol) were added DMF (3.0 ml) and EDC H 
(74.0 mg, 0.39 mmol). The resulting mixture was stirred at room temperature for 14 hours. Water was added to the 

45 reaction mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over 
anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column., whereby from ethyl acetate eluate fractions, methyl trans-4-(1 -((2-(5-chloro- 
1 -methyl-3-indolyl)-6-benzoxazolyl)acetyi)-(4S)-fluoro-(2S) -pyrrolidinylmethoxy)cyclohexanecarboxylate (1 72 mg, 
100%) was obtained as a yellow oil. 

so 1 H-NMR (CDCI 3 ) 5: 1.21-1.34 (m, 2H), 1.40-1.57 (m, 2H), 1.97-2.51 (m, 7H), 3,27 (m, 1H), 3.36 and 3.52 (each m, 
total 1H), 3.64 and 3.66 (each s, total 3H), 3.67-3.86 (m, 3H), 3.89 (s, 3H), 3.91 -4.15 (m, 2H), 4.26 and 4.40 (each m, 
total 1H), 5.26 (m, 1H), 7.21 (m, 1H), 7.27-7.31 (m, 2H), 7.51 (m, 1H), 7.65 (m, 1H), 7.92 (m, 1H), 8.44 (m, 1H). 
MS (ESI) m/z 582 (M++1). 
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(Step 5) Synthesis of trans-4-(1-((2-(5-chloro-1-methyl-3-indolyl)-6^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[0999] 

5 



10 




•CO,H 



[1000] To methyl trans-4-(1 -((2-(5-chloro-1 -methyl-3-indotyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
15 methoxy)cyclohexanecarboxylate (172 mg, 0.30 mmol) were added THF (3.0 ml) and 0.25N NaOH (1.80 ml, 0.44 
mmol). The resulting mixture was stirred at room temperature for 3 hours. The reaction mixture was poured in 1 N HCI 
(10 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed with water, and 
dried under reduced pressure to give the title compound (110 mg, 65%) as a yellow solid. 
IR (ATR) v 2938, 2863, 1720, 1629, 1581, 1434 cm" 1 ; 
20 1 H-NMR (DMSO-d 6 ) 8: 1 .1 3-1 .40 (m, 4H), 1 .85-2.07 (m, 4H), 2.1 1 -2.44 (m, 3H), 3.1 9-3.52 (m, 2H), 3.72-3.90 (m, 6H), 
3.94 (s, 3H), 4.07 and 4.35 (each m, total 1H), 5.31 and 5.37 (each m, total 1 H), 7.20 (m, 1H), 7.35 (dd, J=8.8, 2.0Hz, 
1H), 7.55 (d, J=8.3Hz, 1H), 7.64-7.66 (m, 2H), 8.29 (d, J=2.0Hz, 1H), 8.40 (s, 1H), 12.02 (broad s, 1H). 
MS (ESI) m/z 568 (M++1); 

Anal. Calcd for C 3 oH 31 CIFN30 5 1 .25H 2 0: C, 61 .01 ; H, 5.72; N, 7.12. 
25 Found: C, 61 .36; H, 5.74; N, 6.37. 

Example 97 

trans-4-(1 -((2-(1 -Methyl-3-(1 H-pyrrolo(2,^ 
30 cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 1 -methyl- 1 H-pyrrolo(2,3-b)pyridine 

[1001] 

35 




[1002] In DMF (85 ml) was dissolved 1 H-pyrrolo(2,3-b)pyridine (5.00 g, 42.3 mmol), followed by the addition of sodium 
hydride (60% in oil, 1.86 g, 46.6 mmol) in portions under stirring at 0°C. After stirring at0°Cfor30 minutes, the reaction 
mixture was added with methyl iodide (3.16 ml, 50.8 mmol). The mixture was stirred at the same temperature for 30 

45 minutes. Ice water was added to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed 
with saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the 
solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform-ethyl acetate 
(1 :1 , v/v) eluate fractions, 1-methyl-1 H-pyrrolo(2,3-b)pyridine (4.87 g, 87%) was obtained as a colorless oil. 
1 H-NMR (CDCI 3 ): 3.90 (s, 3H), 6.45 (d, J=3.4Hz, 1H), 7.05 (dd, J=7.8,4. 6Hz, 1H), 7.18 (d, J=3.4Hz, 1H), 7.90 (dd, 

50 J=7.8,1.5Hz, 1H), 8.33 (dd, J=4. 6,1. 5Hz, 1H). 
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(Step 2) Synthesis of 1-methyl-1H-pyrrolo(2,3-b)pyridine-3-carbaldehyde 



[1003] 



5 



10 




CHO 
Me 



[1004] Phosphoryl chloride (5.15 ml, 55.3 mmol) was added dropwise to DMF (70 ml) under stirring at 0°C. After the 
reaction mixture was stirred at 0°C for 1 0 minutes, a solution of 1 -methyl-1 H-pyrrolo(2,3-b)pyridine (4.87 g, 36.8 mmol) 
in DMF (5 ml) was added dropwise at the same temperature. After completion of the dropwise addition, the reaction 

15 mixture was stirred at 0°C for 4 hours and at 60°C for 3.5 hours. The reaction mixture was poured in ice water - a 
saturated aqueous solution of sodium bicarbonate to neutralize the mixture therewith, followed by extraction with chlo- 
roform. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
ethyl acetate eluate fractions, 1 -methyl-1 H-pyrro!o(2,3-b)pyridine-3-carbaldehyde (4.87 g, 83%) was obtained as a 

20 yellow solid. 

1 H-NMR (CDCI 3 ) 8: 3.98 (s, 3H), 7.28 (dd, J=7.8,4.7Hz, 1H), 7.85 (s, 1H), 8.44 (d, J=4.7Hz, 1H), 8.55 (d, J=7.8Hz, 
1H), 9.97 (s, 1H). 
MS(ESI)m/z160 (M+-H). 

25 (Step 3) Synthesis of (2-(1 -methyl-3-(1 H-pyrrolo{2,3-b)pyridinyl))-6-benzoxazolyl)acetic acid 



[1006] In ethanol (10 ml), 1-methyl-1H-pyrrolo(2,3-b)pyridine-3-carbaldehyde (500 mg, 3.12 mmol) and methyl 
4-amino-3-hydroxyphenylacetate (566 mg, 3.12 mmol) were stirred for 20 hours at room temperature, lodobenzene 
diacetate (1 .21 g, 3.75 mmol) was added to the reaction mixture, followed by stirring at room temperature for 1 hour. 
The reaction mixture was distilled under reduced pressure to remove the solvent. The residue was purified by chro- 
40 matography on a silica gel column, whereby from n-hexane-ethyl acetate (1:1, v/v) eluate fractions, a mixture (1 .1 0 g) 
of methyl (2-(1 -methyl-3-(1 H-pyrrolo(2,3-b)pyridinyl))-6-benzoxazolyl)acetate and 1 -methyM H-pyrrolo(2,3-b)pyridine- 
3-carbaldehyde was obtained as a black solid. 

1 H-NMR (CDCI3) 8: 3.74 (s, 3H), 3.79 (s, 2H), 4.02 (s, 3H), 7.25-7.32 (m, 2H), 7.52 (s, 1 H), 7.67 (d, J=8.1 Hz, 1 H), 8.07 
(S, 1H), 8.47 (m, 1H), 8.71 (d, J=7.8Hz, 1H). 

45 MS(ESI)m/z322(M + +1). 

[1007] To the mixture (1 .10 g) were added THF (35 ml) and 0.25N NaOH (20.6 ml, 5.15 mmol), and the resulting 
mixture was stirred for 2 hours at room temperature. The reaction mixture was poured in 1 N HCI (20 ml). The crystals 
thus precipitated were collected by filtration under reduced pressure, washed with water, and dried under reduced 
pressure to give (2-(1 -methyl-3-(1 H-pyrrolo(2,3-b)pyridinyl))-6-benzoxazolyl)acetic acid (578 g, 62%) as a brown solid. 

50 1 H-NMR (DMSO-d 6 ) 8: 3.74 (s, 2H), 3.96 (s, 3H), 7.26 (dd. J=8.1,1.5Hz, 1H), 7.36 (dd, J=7.8,4.7Hz, 1H), 7.62 (d, 
J=1 .5Hz, 1 H), 7.65 (d, J=8.1 Hz, 1 H), 8.45 (dd, J=4.7 t 1 .5Hz, 1 H), 8.53 (s, 1 H), 8.62 (dd, J=7.8,1 .5Hz, 1 H), 1 2.37 (broad 
s, 1H). 

MS (ESI) m/z 308 (M + +1). 



[1005] 



30 




35 
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(Step 4) Synthesis of methyl trans-4-(1 -((2-(1-methyl-3-(1 H-pyrrolo(2 l 3-b)pyridinyl))-6-benzoxazolyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxy!ate 

[1008] 

5 



10 




[1009] To (2-(1 -methyl-3-(1 H-pyrrolo(2,3-b)pyridinyl))-6-benzoxazolyl)acetic acid (250 mg, 0.81 mmol), methyl trans- 
15 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 
21 ) (21 1 mg, 0.81 mmol), HOBt (22.0 mg, 0.1 6 mmol), and DMAP (20.0 mg, 0. 1 6 mmol) were added DMF (8.5 ml) and 
EDC HCI (234 mg, 1 .22 mmol). The resulting mixture was stirred at room temperature for 14 hours. Water was added 
to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 
20 purified by chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl trans- 
4-(1 -((2-(1 -methyl-3-(1 H-pyiTolo(2,3-b)py 

clohexanecarboxylate (419 mg, 94%) was obtained as a yellow solid. 

1 H-NMR (CDCI 3 ) 5: 1.18-1.34 (m, 2H), 1.39-1.53 (m, 2H), 1.97-2.51 (m, 7H), 3.27 (m, 1H), , 3.36 and 3.51 (each m, 
total 1H), 3.98-3.64 (m, 8H), 4.01 (s, 3H), 4. 26 and 4.40 (each m, total 1H), 5.25 (m, 1H), 7.20 (m, 1H), 7.29 (m, 1H), 
25 7.51 (m, 1H), 7.65 (dd, J=8.1, 5.6Hz, 1H), 8.05 (d, J=1.8Hz, 1H), 8.45 (d, J=5.6Hz, 1H), 8.69 (dd, J=8.1 ,1.8Hz, 1H) . 
MS (ESI)m/z549 (M + +1). 



(Step 5) Synthesis of trans-4-(1-((2-(1-methyl-3-(1 H-pyrrolo (2,3-b) pyridinyl))-6-benzoxazolyl) acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

30 

[1010] 



35 



40 




[1011] To methyl trans-4-(1-((2-(1-methyl-3-(1H-pyrrolo(2,3-b)pyridinyl))-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate (411 mg, 0.75 mmol) were added THF (7.5 ml) and 0.25N NaOH (4.50 
ml, 1 .12 mmol). The resulting mixture was stirred at room temperature for 1 9 hours. By the addition of 1 N HCI, the pH 
of the reaction mixture was adjusted to 6. The crystals thus precipitated were collected by filtration under reduced 
45 pressure, washed with water, and dried under reduced pressure to give the title compound (281 mg, 70%) as a yellow 
solid. 

IR (ATR) v 2940, 2861, 1716, 1631, 1569, 1525, 1486, 1442 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1 .13-1 .37 (m, 4H), 1 .85-2.09 (m, 4H), 2.11-2.21 (m, 3H), 3.17-3.31 (m, 2H), 3.45 and 3.58 (m, 
total 1 H), 3.72-3.92 (m, 4H), 3.96 (s, 3H), 4.1 5 and 4.35 (each m, total 1 H), 5.32 and 5.37 (each m, total 1 H), 7.21 (m, 
50 1 H), 7.35 and 7.36 (each d, J=8. 1 Hz, total 1 H), 7.55 and 7.57 (each s, total 1 H), 7.61 and 7.62 (each d, J=8.1 Hz, total 
1H), 8.44 (dd, J=4.7,1.5Hz, 1H), 8.53 (s, 1H), 8.61 (dd t J=7.8,1.5Hz, 1H), 11.99 (broad s, 1H). 
MS (ESI)m/z535 (M + +1); 

Anal. Calcd for C^H^^Og 0.75H 2 O: C, 63.55; H, 5.98; N, 10.22. 
Found: C, 63.67; H, 5.91; N, 10.22. 

55 
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Example 98 

trans-4-(1-((7-Fluoro-2-(1nTiethyl-3-indo!yl)-6-ben 
cyclohexanecarboxylic acid: 

5 

(Step 1) Synthesis of methyl (7«fluoro-2-(1-methyl-3-indolyl)-6-benzoxazolyl)acetate 
[1012] 

w 




15 (Process A) 

[101 3] To 1 -methylindole-3-carboxylic acid (91 7 mg, 5.23 mmol) was added methylene chloride (20 ml). Under stirring 
at 0°C, oxalyl chloride (0.68 ml, 7.85 mmol) and DMF (catalytic amount) were added. After stirring at room temperature 
for 1 .5 hours, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue was added 

20 with xylene (20 ml). Methyl (4-amino-2-fluoro-3-hydroxyphenyl)acetate (1 .0 g, 5.0 mmol) and boric acid (539 mg, 8.72 
mmol) were added to the resulting mixture, followed by stirring at 160°C for 3 days. After the reaction mixture was 
cooled to room temperature, ice water was added thereto, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was subjected to chromatography on a silica gel column to collect chloroform/ethyl acetate 

25 (10/1) eluate fractions and then, purified by chromatography using a thin layer plate, whereby from chloroform/acetone 
(1 0/1 ) eluate fractions, methyl 7-fluoro-2- methyl-3-indolyl)-6-benzoxazolylacetate (62 mg, 4%) was obtained as a pale 
brown solid. 

1 H-NMR (CDCI 3 ) 6: 3.73 (s, 3H), 3.81 (s, 2H), 3.88 (s, 3H), 7.15 and 7.17 (each d, each J=6.4Hz, total 1H, amide 
isomers), 7.34-7.40 (m, 3H), 7.44 (d, J=8.1Hz, 1H), 7.94 (s, 1H), 8.43 (m, 1H). 
30 MS(ESI)m/z339 (M + +1). 

(Process B) 

[1014] In methanol (50 ml), 3-formyl-1 -methylindole (796 mg, 5.0 mmol), methyl (4-amino-2-fluoro-3-hydroxyphenyl) 
35 acetate (1 .0 g, 5.0 mmol) and Molecular Sieves 4A (10 g) were stirred at room temperature for 5 hours and then, at 
70°C for 3 hours. The reaction mixture was cooled to room temperature and iodobenzene diacetate (5.0 mmol) was 
added thereto. After stirring at room temperature for 14 hours, the reaction mixture was distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ 
ethyl acetate (3/1) eluate fractions, methyl 7-fluoro-2-(1-methyl-3-indolyl)-6-benzoxazolylacetate (860 mg, including 
40 impurities) was obtained as a pale brown solid. The compound was provided for the subsequent reaction without further 
purification. 

0 

(Step 2) Synthesis of (7-fluoro-2-(1 -methyl-3-indolyl)-6-benzoxazolyl)acetic acid 
45 [1015] 



50 




[1016] Methyl 7-fluoro-2-(1-methyl-3-indolyl)-6-benzoxazolylacetate (860 mg, the product obtained by Process A of 
Step 1) was dissolved in THF/methanol (20/1 0 ml). To the resulting solution was added 1 N NaOH (20 ml), followed by 
stirring at room temperature for 1 .5 hours. The reaction mixture was then distilled under reduced pressure to remove 
55 the solvent. To the residue thus obtained were added ether and 1N NaOH to separate the mixture into layers. The 
water layer was acidified with 1 N HCI, followed by extraction with ethyl acetate. The extract was washed with saturated 
brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent, whereby 
(7-fluoro-2-(1-methyl-3-indolyl)«6-benzoxazolyl)acetic acid (350 mg, 22%) was obtained as a dark green solid. The 
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compound was provided for the subsequent reaction without further purification. 

1 H-NMR (CDCI3-CD3OD) 5: 3.56 (s, 3H), 3.91 (s, 2H) , 7.36 (m, 3H), 7.79 (s, 1H), 8.26 (d, J=6.8Hz, 1H), 9.93 (s, 1H). 
MS (ESI) m/z 325 (M + +1). 

5 (Step 3) Synthesis of methyl trans-4-(1 -((7-fluoro-2-(1 -methy1-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

[1017] 




[1018] A mixture of (7-fluoro-2-(1-methyl-3-indolyl)-6-benzoxazolyl)acetic acid (350 mg, 1.08 mmol), methyl trans- 
4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 
21 ) (280 mg, 1 .08 mmol), EDC HCI (31 1 mg, 1 .62 mmol), HOBt (21 9 mg, 1 .62 mmol) and triethylamine (0.75 ml, 5.40 

20 mmol) was stirred for 7 hours in DMF (10 ml). The reaction mixture was poured in ice water, followed by extraction 
with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from n-hexane/ ethyl acetate (3/1) eluate fractions, methyl trans-4-(1-((7-fluoro-2-(1-methyl-3-indolyl)-6-ben- 
zoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (360 mg, 59%) was obtained as a 

25 brown oil. 

1 H-NMR (CDCI3) 6: 1 .21 -1 .65 (m, 4H), 1 .95-2.56 (m, 7H), 3.21-3.39 (m, 2H), 3.56 (dd, J=8.B,6.8Hz, 1 H), 3.64 and 3.67 
(each s, total 3H, amide isomers), 3.68-3.90 (m, 3H), 3.92 (s, 3H), 4.00 and 4.03 (each s, total 1 H), 4.31-4.42 (m, 1 H), 
5.19-5.39 (m, 1H), 7.20 (q, J=8.5Hz, 1H), 7.36-7.48 (m, 4H), 7.98 (s, 1 H), 8.45 (m, 1H). 
MS (ESI) m/z 566 (M++1). 

30 

(Step 4) Synthesis of trans-4-(1-((7-fluoro-2-(1-methyl-3-lndolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrroIidinylmethoxy)cyclohexanecarboxylic acid 

[1019] 



40 




[1020] To methyl trans-4-(1 -((7-fluoro-2-(1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (130 mg, 0.23 mmol) were added THF/ methanol (10/5 ml) and 1N NaOH (4 ml). 
*5 The resulting mixture was stirred at room temperature for 13 hours. The reaction mixture was distilled under reduced 
pressure to remove the solvent. The residue was then acidified with 1 N HCI. The crystals thus precipitated were col- 
lected by filtration under reduced pressure, washed with water and dried under reduced pressure to give the title 
compound (93 mg, 74%) as a brown solid, 

IR (ATR)v 2941 ,2864, 1716, 1628, 1583, 1504, 1442, 1369 cm- 1 ; 
50 1H-NMR (DMSO) 5: 1 .13-1 .43 (m, 5H), 1.82-2.36 (m, 7H), 3.24 (m, 1 H), 3.46-3.93 (m, 4H), 3.95 (s, 3H), 4.11 and 4.15 

(each s, total 1H, amide isomers), 4.42 (m, 1H), 5.25-5.50 (m, 1H), 7.22 (m, 1H), 7.35 (m, 2H), 7.48 and 7.50 (each t, 

J=4.4 and 3.6Hz respectively, total 1H, amide isomers), 7.63 (d, J=6.6Hz, 1H), 8.29 (d, J=7.3Hz, 1H), 8.44 and 8.45 

(each s, total 1 H, amide isomers). 

MS (ESI) m/z 522 (M + +1); 
55 Anal. Calcd for C 30 H3 1 F 2 N 3 O5 1 H 2 0: C, 63.26; H, 5.84; N, 7.38. 

Found: C, 63.52; H, 5.77; N, 7.25. 
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Example 99 

trans-4-(1 -((2-(6-Fluoro-1 -methyl^ 
cyclohexanecarboxylic acid : 

(Step 1) Synthesis of 6-fIuoro-1-methylindole 

[1021] 




Me 



15 

[1022] In DMF (65 ml) was dissolved 6-fluoroindole (6.10 g, 45.1 mmol). Under stirring at 0°C, sodium hydride (60% 
in oil, 1 .45 g, 36.3 mmol) was added in portions. After stirring at 0°C for 30 minutes, methyl iodide (2.46 ml, 39.6 mmol) 
was added to the reaction mixture. The reaction mixture was stirred further at the same temperature for 2.5 hours. A 
saturated aqueous solution of ammonium chloride was added, followed by extraction with ethyl acetate. The extract 
20 was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane-ethyl acetate 
(5:1 , v/v) eluate fractions, 6-fluoro-1-methylindole (6.71 g, 99%) was obtained as a yellow oil. 

1 H-NMR (CDCI 3 ) 5: 3.73 (s, 3H) , 6.45 (d, J=3.2Hz, 1H), 6.86 (ddd, J=9.8,8.5,2.2Hz, 1H), 6.98 (dd, J=9.8,2.2Hz, 1H), 
7.01 (d f J=3.2Hz, 1H), 7.51 (dd, J=8.5,5.3Hz, 1H). 
25 MS(ESI)m/z150(M + +1). 

(Step 2) Synthesis of 6-fluoro-1-methylindoIe-3-carbaldehyde 

[1023] 



CHO 



35 




[1024] Phosphoryl chloride (5.87 ml, 63.0 mmol) was added in portions while stirring DMF (45 ml) at 0°C. After stirring 
at the same temperature for 20 minutes, the reaction mixture was added with a solution of 6-fluoro-1-methylindole 

40 (6.71 g, 45.0 mmol) in DMF (45 ml) at 0°C. The reaction mixture was stirred for further .5 hour. Ice water and 1N NaOH 
were added to the reaction mixture to neutralize the same, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from ethyl acetate eluate 
fractions, 6-fluoro-1-methylindole-3-carbaldehyde (4.18 g, 52%) was obtained as a colorless solid. 

45 1H-NMR (CDCI3) 5: 3.85 (s, 3H), 7.03-7.11 (m, 2H), 7.68 (s, 1H) , 8.25 (dd, 3=8.8,5.6Hz, 1H) , 9.97 (s, 1H). 
MS (ESI) m/z 219 (M + +1+CH 3 CN). 

(Step 3) Synthesis of methyl (2-(6-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetic acid 
so [1025] 
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[1026] In ethanol (15 ml), 6-fluoro-1-rnethylindole-3-carbaldehyde (500 mg, 2.82 mmol) and methyl 4-amino-3-hy- 
droxyphenylacetate (767 mg, 4.23 mmol) were stirred at room temperature for 2 hours, lodobenzene diacetate (1 .09 
g, 3.38 mmol) was added and the mixture was stirred at room temperature for 1 hour. The reaction mixture was then 
distilled under reduced pressure to remove the solvent. The residue was purified chromatography on a silica gel column, 
5 whereby from n-hexane-ethyl acetate (1:1, v/v) eluate fractions, methyl (2-(6-fluoro-1-methyl«3-indolyl)-6-benzoxa- 
20 ly I) acetate (889 mg, 93%) was obtained as a brown solid. 

1 H-NMR (CDCl 3 ) 6: 3.72 (s, 3H), 3.76 (s, 2H), 3.85 (s, 3H) 7.05-7.12 (m, 2H), 7.22 (dd, J=8.1,1.5Hz, 1H), 7.49 (d, 
J=1 .5Hz, 1 H), 7.65 (d, J=8.1 Hz, 1 H), 7.89 (s, 1 H), 8.38 (dd, J=8.9,5.4Hz, 1 H). 
MS (ESI) m/z 339 (M++1). 

10 

(Step 4) Synthesis of (2-(6-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetic acid 
[1027] 

15 



» 20 




[1028] To methyl (2-(6-fluoro-l-methyl-3-indolyl)-6-benzoxazolyl)acetate (889 mg, 2.63 mmol) were added THF (25 
ml) and 0.25N NaOH (15.8 ml, 3.95 mmol). The resulting mixture was stirred at room temperature for 4 hours. The 
25 reaction mixture was poured in 1 N HCI (30 ml). The crystals thus precipitated were collected by filtration under reduced 
pressure, washed with water, and dried under reduced pressure to give (2-(6-fluoro-1 -methyl-3-indolyl)-6-benzoxazolyl) 
acetic acid (741 mg, 87%) as a brown solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.71 (s, 2H), 3.94 (s, 3H), 7.18 (td, J=9. 5,2.5Hz, 1H), 7.23 (d, 1H, J=7.8Hz, 1H), 7.59-7.64 (m, 
3H), 7.97 (dd, J=9.5,2.5Hz, 1H), 8.39 (s, 1H), 12.35 (broad s, 1H). 
30 MS(ESI)m/z325(M + +1). 

(Step 5) Synthesis of methyl trans-4-(1-((2-(6-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

35 [1029] 



40 




45 [1030] To (2-(6-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetic acid (200 mg, 0.62 mmol), methyl trans-4-((4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 21) (160 
mg, 0.62 mmol), HOBt (17.0 mg, 0.12 mmol), and DMAP (15.0 mg, 0.12 mmol) were added DMF (6.0 ml) and EDC 
HCI (142 mg, 0.74 mmol). The resulting mixture was stirred at room temperature for 21 hours. Water was added to the 
reaction mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over 

50 anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl trans-4-(1 -((2-(6-fluoro- 
1-methyl-3-indolyl)-6-benzoxazolyl)acetyl) - (4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (355 mg, 
99%) was obtained as a yellow amorphous substance. 

1 H-NMR (CDCI3) 5: 1.16-1.32 (m, 2H), 1.38-1.51 (m, 2H), 1.95-2.48 (m, 7H) ( 3.24 (m, 1H), 3.34 and 3.49 (each m t 
55 total 1 H), 3.62 and 3.65 (each s, total 3H), 3.83 (s, 3H), 3.90-4.06 (m, 2H), 4. 25 and 4.37 (each m, total 1 H), 5.23 (m, 
1 H), 7.04-7.1 0 (m, 2H), 7.1 7 and 7.1 8 (each dd, J=7.8,1 .4Hz, total 1 H), 7.46 and 7.47 (each d, J=1 .4Hz, 2H), 7.61 and 
7.63 (each d, J=7.8Hz, 1H), 7.87 (s, 1H), 8.35 (dd, J=8.5, 5.3Hz, 1H). 
MS (ESI) m/z 566 (M + +1). 
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(Step 6) Synthesis of trans-4-(1 -((2-(6-fluoro-1 -methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1031] 



10 




C0 2 H 



[1032] To methyl trans-4-(1-((2-(6-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S) -fluoro-(2S)-pyrrolidinyl- 
15 methoxy)cyclohexanecarboxylate (355 mg, 0.63 mmol) were added THF (6.5 ml) and 0.25N NaOH (3.77 ml, 0.94 

mmol). The resulting mixture was stirred at room temperature for 15 hours. The reaction mixture was poured in 1N 

HCI (1 0 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed with water, and 

dried under reduced pressure to give the title compound (294 mg, 85%) as a yellow solid. 

IR(ATR)v2938, 1712, 1616, 1577, 1434 cm' 1 ; 
20 1 H-NMR (DMSO-d 6 ) 8: 1.09-1.39 (m, 4H), 1.84-1.93 (m, 4H), 2.06-2.44 (m, 3H), 3.16-3.99 (m, 10H), 4.13 and 4.33 

(each m, total 1H), 5.30 and 5.36 (each m, total 1H), 7.12-7.21 (m, 2H), 7.49 (dd, J=9.8,2.2Hz, 1H), 7.51 and 7.53 

(each s, total 1H), 7.60 and 7.61 (each d, J=8.1Hz, total 2H), 8.28 (dd, J=8.1 ,5.6Hz, 1H), 8.30 and 8.31 (each s, total 

1H), 12.03 (broads, 1H). 

MS (ESI) m/z 553 (M + +2); 
25 Anal. Caicd for C3 0 H 31 CIFN 3 O5 0.5H 2 O: C, 64.28; H, 5.75; N, 7.50. 

Found: C, 64.59; H, 5.77; N, 7.44. 

Example 100 

30 trans-4-(1-((2-(5-Fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 5-fluoro-1-methylindole-3-carbaldehyde 
35 [1033] 



CHO 



40 




Me 



45 [1034] In DMF (60 ml) was dissolved 5-fluoroindole-3-carbaldehyde (5.00 g, 30.6 mmol). Under stirring at 0°C, so- 
dium hydride (60% in oil, 1 .35 g, 33.7 mmol) was added in portions. After the reaction mixture was stirred at the same 
temperature for 1 hour, methyl iodide (5.72 ml, 91 .9 mmol) was added thereto. The resulting mixture was stirred further 
at 0°C for 2 hours. A saturated aqueous solution of ammonium chloride was added to the reaction mixture to neutralize 
the same, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous 

so magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chroma- 
tography on a silica gel column, whereby from ethyl acetate eluate fractions, 5-fluoro-1-methylindole-3-carbaldehyde 
(5.42 g, 1 00%) was obtained as a colorless solid. 

1 H-NMR (CDCI 3 ) 8: 3.88 (s, 3H), 7.09 (m, 1H), 7.29 (d, J=9.3,4.2Hz, 1H), 7.71 (s, 1H), 7.98 (dd, J=9.3,2.4Hz, 1H), 
9.96 (S,1H). 
55 MS(ESI)m/z178(M + +1). 
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(Step 2) Synthesis of (2-(5-fluoro-1 -methyl -3-indolyl)-6-benzoxazoly I) acetic acid 



[1035] 



5 



10 



Me' 




[1036] In ethanol (25 ml), 5-fluoro-1-methylindole-3-carbaldehyde (989 mg r 5.58 mmol) and methyl 4-amino-3-hy- 
droxyphenylacetate (1 .27 g, 6.99 mmol) were stirred at room temperature for 9 hours, lodobenzene diacetate (2. 1 6 g, 
15 6.69 mmol) was added and the mixture was stirred further at room temperature for 1 8 hours. The reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue thus obtained was purified by chromatography on 
a silica gel column, whereby from n-hexane-ethyl acetate (1:2, v/v) eluate fractions, a mixture (933 mg) of methyl 
(2-(5-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetate and 5-fluoro-1-methylindole-3-carboxaldehyde was obtained 
as a red solid. 

20 1 H-NMR (CDC! 3 ) 5: 3,73 (s, 3H), 3.77 (s, 2H), 3.89 (s, 3H) 7.10 (m, 1H), 7.22-7.28 (m t 2H) , 7.50 (m, 1H), 7.65 (d, 
J=8.1Hz, 1H), 7.92 (s, 1H), 8.11 (dd, J=9.3, 2.4Hz, 1H). 
MS (ESI)m/z339 (M++1). 

[1037] To the mixture (933 mg) were added THF (30 ml) and 0.25N NaOH (16.6 ml, 4.15 mmol) and the resulting 
mixture was stirred at room temperature for 3 hours. The reaction mixture was poured in 1 N HCI (30 ml). The crystals 
25 thus precipitated were collected by filtration under reduced pressure, washed with water, and dried under reduced 
pressure to give (2-(5-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetic acid (434 mg, 24%) as a brown solid. 
1 H-NMR (DMSO-d 6 ) 8: 3.72 (s, 2H), 3.90 (s, 3H), 7.15 (td, J=9.8,2.2Hz, 1H), 7.23 (dd, J=8.1, 1.2Hz, 1H), 7.50 (dd, 
J=9.8,2.2Hz, 1 H), 7.59 (d, J=1 .2Hz, 1 H), 7.62 (d, J=8.1 Hz, 1 H), 8.29 (dd, J=8.8,5.4Hz, 1 H), 8.33 (s, 1 H), 12.37 (broad 
s, 1H). 

30 MS(ESI)m/z325(M++1). 

(Step 3) Synthesis of methyl trans-4-(1-((2-(5-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



45 [1039] To (2-(5-fluoro-1-methyl-3-indolyl)-6-benzoxazotyl)acetic acid (200 mg, 0.62 mmol), methyl trans-4-((4S> 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 21) (160 
mg, 0.62 mmol), HOBt (17.0 mg, 0.12 mmol), and DMAP (15.0 mg, 0.12 mmol) were added DMF (6.0 ml) and EDC 
HCI (142 mg, 0.74 mmol). The resulting mixture was stirred at room temperature for 15 hours. Water was added to the 
reaction mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over 

so anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl trans-4-(1 -((2-(5-fluoro- 
1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrroIidinylmethoxy)cyclohexaneca (346 mg, 

99%) was obtained as a yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 5: 1.17-1 .34 (m, 2H), 1.39-1.53 (m, 2H), 1.97-2.51 (m, 7H), 3.26 (m, 1H), 3.35 and 3.51 (each m, 
55 total 1H), 3.64 and 3.67 (each s, total 3H), 3.90 (s, 3H), 3.91-4.13 (m, 2H), 4.26 and 4.40 (each m, total 1H), 5.24 (m, 
1 H), 7.09 (m, 1 H), 7.1 9 and 7.20 (each dd, J=7.8,1 .5Hz, total 1 H), 7.48 and 7.50 (each d, J=1 .5Hz, 2H), 7.63 and 7.65 
(each d, J=7.8Hz, 1H), 7.94 (s, 1H), 8.12 (dd, J=9.5,2.4Hz, 1H). 
MS (ESI) m/z 566 (M + +1). 



35 [1038] 



40 
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(Step 4) Synthesis of trans-4-(1 -((2-(5-fluoro-1 -methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrroIidinylmethoxy)cyclohexanecarboxylic acid 

[1040] 



10 




[1 041 ] To methyl trans-4-(1 -((2-(5-fluoro-1 -methyl-3-indotyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
15 methoxy)cyclohexanecarboxylate (346 mg, 0.61 rnmol) were added THF (6.5 ml) and 0.25N NaOH (3.67 ml, 0.92 
mmol). The resulting mixture was stirred at room temperature for 15 hours. The reaction mixture was poured in 1N 
HCI (10 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed with water, and 
dried under reduced pressure to give the title compound (254 mg, 75%) as a yellow solid. 
IR (ATR)v2938, 1716, 1616, 1631, 1577, 1484, 1434 cm' 1 ; 
20 1 H-NMR (DMSO-d 6 ) 5: 1 .09-1 .39 (m, 4H), 1 .84-1 .97 (m, 4H), 2.03-2.28 (m, 3H), 3.1 5-4.00 (m, 7H). 3.93 (s, 3H), 4.15 
and 4.34 (each m, total 1H), 5.30 and 5.36 (each m, total 1H), 7.16-7.21 (m, 2H), 7.52 and 7.54 (each s, total 1H), 
7.61-7.64 (m, 2H), 7.97 (dd, J=9.8,2.9Hz, 1 H), 8.36 and 8.37 (each s, total 1H), 12.03 (broad s, 1H). 
MS(ESI)m/z553(M + +1); 

Anal. Calcd for C3 0 H 31 CIFN 3 O5 0.5H 2 O: C, 64.28; H, 5.75; N, 7.50. 
25 Found: C, 64.54; H, 5.75; N, 7.44. 

Example 101 

trans-4-(1-((2-(5-Fluoro-1-methyl-3-indolyl)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmet^ 
30 cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl (2-(5-fluoro-1-methyl-3-indolyl)-7-fluoro-6-benzoxazolyl)acetate 

[1042] 

35 



40 




[1043] In ethanol (15 ml), Molecular Sieves 4A (1 .20 g) was added to 5-fluoro-1 -methylindolyl-3-carbaldehyde (515 
mg, 2.91 mmol) and methyl 4-amino-2-fluoro-3-hydroxyphenylacetate (690 mg, 3.47 mmol) and the resulting mixture 
was stirred at room temperature for 18 hours, lodobenzene diacetate (1.35 g, 4.10 mmol) was then added, and the 
*5 resulting mixture was stirred further at room temperature for 1 hour. The reaction mixture was distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
hexane/ethyl acetate (1/1) eluate fractions, methyl (2-(5-fluoro-1-methyl-3-indolyl)-7-fluoro-6-benzoxazolyl)acetate 
(279 mg, 27%) was obtained as a brown crystalline powder 

1 H-NMR (CDCI 3 ) 8: 3.73 (s, 3H), 3.81 (s, 2H), 3.90 (s, 3H) , 7.10 (dt, J=2.4,8.8Hz, 1H), 7.17 (dd, J=6.4,8.0Hz, 1H), 
50 7.31 (dd, J=4.4,8.8Hz, 1H), 7.44 (d, J=8.4Hz, 1H), 7.98 (s, 1H), 8.11 (dd, J=2.4,9.6Hz, 1H). 
MS (ESI)m/z357 (M++1). 
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(Step 2) Synthesis of (2-(5-fluoro-1 -methyl-3-indolyl)-7-fluoro-6-benzoxazofyl)acetic acid 



[1044] 



5 



F 



10 




CO,H 



[1045] To methyl (2-(5-fluoro-1 -methyl-3-indolyl)-7-fluoro-6-benzoxazolyl)acetate (279 mg, 0.78 mmol) were added 
THF/methanol (1/1 , 20 ml) and 0.25N NaOH (9.4 ml, 2.35 mmol). The resulting mixture was stirred at room temperature 
for 18 hours. The reaction mixture was poured in 1N HCI to acidify the mixture therewith, followed by extraction with 
15 chloroform/methanol (1 0/1). The extract was dried overanhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The crystals thus obtained were collected by filtration under reduced pressure, washed with 
hexane, and dried under reduced pressure to give (2-(5-fluoro-1 -methyl-3-indolyl)-7-fluoro-6-benzoxazolyl)acetic acid 
(208 mg, 78%) as a brown crystalline powder. 

1 H-NMR (DMSO-d 6 ) 6: 3.78 (s, 2H), 3.95 (s, 3H), 7.1 9-7.24 (m, 1 H), 7.29 (d, J=8.0Hz, 1 H). 7.50 (d, J=8.4Hz, 1 H), 7.66 
20 (dd, J=4.4,8.8Hz, 1H) , 7.94 (brd, J=9.6Hz, 1H) , 8.50 (brs, 1H), 12.52 (brs, 1H). 
MS (ESI) m/z 342(M++1). 

(Step 3) Synthesis of methyl trans-4-(1-((2-(5-fluoro-1-methyl-3-indolyl) -7-fluoro-6-benzoxazolyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

25 



35 [1047] In DMF(15ml), HOBt(16.0mg, 0.12 mmol) was added to (2-(5-fluoro-1 -methyl-3-indolyl)-7-fluoro-6-benzox- 
azolyl)acetic acid (202 mg, 0.59 mmol), methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy) cyclohexanecarboxylate 
(the compound synthesized In (Step 3) of Example 21) (153 mg, 0.59 mmol) and EDC-HCI (124mg, 0.65 mmol). The 
resulting mixture was stirred at room temperature for 17 hours. Water was added to the reaction mixture, followed by 
extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and 

40 distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from hexane/ethyl acetate (1/5) eluate fractions, methyl trans-4- (1 - ((2-(5-fluoro-1 -methyl-3-lndolyl)- 
7-fluoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (295 mg, 86%) was ob- 
tained as a colorless amorphous substance. 

1 H-NMR (CDCI 3 ), mixture of rotamars, 8: 1 .20-1 .31 (m, 2H) , 1 .39-1 .55 (m, 2H), 1 .99-2.55 (series of m, 8H), 3.22-4.42 
45 (series of m, 7H), 3.64 and 3.67 (s, total 3H), 3.90 (s, 3H), 5.19-5.40 (m, 1H), 7.08-7.13 (m, 1H), 7.20 (dd, J=8.8, 
15.2Hz, 1H), 7.32 (dd, J=4.0,8.8Hz, 1H), 7.45 (t, J=8.0Hz, 1H), 7.98 (s, 1H), 8.11 (dd, J=2.4,9,6Hz, 1H). 
MS (ESI) m/z 584 (M + +1). 



[1046] 
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(Step 4) Synthesis of trans-4-(1 -((2-(5-fluoro-1 -methyl-3-indoly1)-7-f luoro-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxyjcyclohexanecarboxylic acid 

[1048] 

F 



[1049] To trans-4-(1-((2-(5-fluoro-1-methyl-3-indolyl)-7-fl^^ 

15 methoxy)cyclohexanecartooxylate (288 mg, 0.49 mrnol) were added THF/methanol (1/1 , 20 ml) and 0.25N NaOH (9.9 
ml, 2.45 mrnol). The resulting mixture was stirred at room temperature for 17 hours. The reaction mixture was poured 
in 1N HCI to acidify the mixture therewith, followed by extraction with chloroform/ methanol (10/1). The extract was 
dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from chloroform/methanol (10/1) eluate fractions, the title 

20 compound (296 mg, 100%) was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI 3 ), mixture of rotamars, 8: 1.21-1.36 (m, 2H), 1.42-1.56 (m, 2H), 2.00-2.50 (series of m, 8H), 2.20 (s, 
3H), 3.22-4.45 (series of m, 7H), 3.89 and 3.93 (s, total 3H), 5.20-5.40 (m, 1H), 7.10 (t, J=8.8Hz, 1H), 7.20 (dd, J=8.0, 
14.4Hz, 1H), 7.30-7.32 (m, 1H), 7.46 (t, J=8.0Hz, 1H), 7.99 (s, 1H), 8.10 (dd, J=2.0,9.2Hz, 1H). 
MS (ESI) m/z 570 (M++1). 

25 

Example 102 

trans-4-(1-(2- (1-lsoquinolinyl)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrro!idinylmethoxy)cyclohexanecarboxylic 
acid: 

30 

(Step 1) Synthesis of 1-isoquinolinecarbaldehyde 
[1050] 

CO 

CHO 

40 [1051] In 1 ,4-dioxane (20 ml) was dissolved 1-methylisoquinoline (300 mg, 2.10 mrnol). To the resulting solution was 
added selenium dioxide (323 mg, 2.91 mrnol), followed by heating under reflux for 1.5 hours under a nitrogen gas 
stream. After cooling to room temperature, the reaction mixture was filtered through Celite. The filtrate was distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from n-hexane/ethyl acetate (5:1, v/v) eluate fractions, 1-isoquinolinecarbaldehyde (252 mg, 77%) was ob- 

<5 tained as a white solid. 

1 H-NMR (CDCI3) 6: 7.73-7.79 (m, 2H), 7.88-7.93 (m, 2H), 8.74-8.76 (m, 1H), 9.30-9.33 (m, 1H) ( 10.39 (s, 1H). 
MS (ESI) m/z 158 (M++1). 

(Step 2) Synthesis of methyl (2-(1-isoquinolinyl)-6-benzoxazolyl)acetate 

50 

[1052] 
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[1 053] In ethanol (5 ml), 1 -isoquinolinecarbaldehyde (252 mg t 1 .60 mmol) and methyl 4-amino-3-hydroxyphenylac- 
etate (349 mg, 1 .93 mmol) were stirred at room temperature for 12 hours, lodobenzene diacetate (61 9 mg, 1 .92 mmol) 
was added and the reaction mixture was stirred further at room temperature for 1 5 minutes. The reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
s column, whereby from n-hexane/ethyl acetate (4:1 to 3:1 , v/v) eiuate fractions, methyl (2-(1-isoquinolinyl)-6-benzoxa- 
zolyl)acetate (166 mg, 33%) was obtained as a yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 5: 3.73 (s, 3H) , 3.82 (s, 2H), 7.35-7.38 (m, 1H), 7.68 (m, 1H), 7.75-7.95 (m, 5H), 8.77-8.78 (m, 1H), 

9.67-9.70 (m, 1H). 

MS (ESI)m/z319(M + Vl). 

10 

(Step 3) Synthesis of (2-(1-isoquinolinyl)-6-benzoxazolyl)acetic acid 



[1054] 




[1055] To methyl (2-(1-isoquinolinyl)-6-benzoxazolyl)acetate (166 mg, 0.52 mmol) were added THF (3 ml) and 0.5N 
NaOH (3.0 ml, 1 .50 mmol). The resulting mixture was stirred at room temperature for 12 hours. The reaction mixture 
was poured in ice-1 N HCI to acidify therewith. The crystals thus precipitated were collected by filtration under reduced 
25 pressure, washed with water and dried under reduced pressure to give (2-(1 -isoquinolinyl)-6-benzoxazolyl)acetic acid 
(138 mg, 87%) as a pale brown solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.82 (s, 2H), 7.41-7.43 (m, 1H), 7.82 (s, 1H), 7.88-7.95 (m, 3H), 8.13-8.17 (m, 2H), 8.76-8.78 
(m, 1H), 9.53-9.55 (m, 1H), 12.45 (broad s, 1H). 
MS (ESI) m/z 305 (M++1). 

30 

(Step 4) Synthesis of methyl trans-4-(1-(2-(1-isoquinolinyl)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 




[1057] In DMF (10 ml), (2-(1-isoquinolinyl)-6-benzoxazolyl)acetic acid (138 mg, 0.45 mmol), methyl trans-4-((4S)- 
fiuoro-(2S)-pyrroiidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 21) (118 
mg, 0.46 mmol), EDC-HCI (130 mg, 0.68 mmol), HOBt(92 mg, 0.68 mmol), and triethylamine (95 u.l, 0.68 mmol) were 

45 stirred at room temperature for 15 hours. Water was added to the reaction mixture, followed by extraction with ethyl 
acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
toluene-acetone (4:1, v/v) eiuate fractions, methyl trans-4-(1-(2-(1-isoquinolinyl)-6-benzoxazolylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (245 mg, 99%) was obtained as a pale yellow thick sticky liq- 

50 uid. 

1 H-NMR (CDCI3) 8: 1 .21-1 .53 (m, 4H), 1 .97-2.52 (m, 7H), 3.24-3.37 and 3.50-3.54 (each m, total 2H), 3.64-9.14 (m, 
8H), 4.25-4.28 and 4.39-4.41 (each m, total 1H), 5.18-5.19 and 5.31-5.33 (each m, total 1H), 7.15-7.24 (m, 1H), 
7.33-7.36 (m, 1H), 7.64-7.93 (m, 5H) t 8.75-8.77 (m, 1H), 9.66-9.68 (m, 1H). 
MS (ESI) m/z 546.5 (M++1). 
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(Step 5) Synthesis of trans-4-(1 -(2-(1 -isoquinolinyl)-6-benzoxazolylacetylH4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid 

[1058] 



10 




[1059] To methyl trans-4-(1-(2-(1-isoquinolinyl)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinytmethoxy)cy- 
clohexanecarboxylate (245 mg, 0.45 mmol) were added THF (3.0 ml) and 0.5N NaOH (2.7 ml, 1 .35 mmol). The resulting 
mixture was stirred at room temperature for 18 hours. The reaction mixture was poured in ice-1N HCI to acidify the 

15 mixture. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and 
dried under reduced pressure to give the title compound (175 mg, 73%) as a pale yellow solid. 
1 H-NMR (DMSO-d 6 ) 5: 1.12-1 .37 (m, 4H), 1 .84-2.11 (m, 4H) , 2.14-2.21 (m, 3H), 3.17-4.04 (m, 7H), 4.15 and 4.37-4.39 
(each m, totaHH), 5.25-5.32 and 5.39-5.45 (each m, total 1H), 7.33-7.37 (m, 1H), 7.72-7.74 (m, 1H), 7.86-7.93 (m, 
3H), 8.11-8.15 (m, 2H), 8.74-8.76 (m, 1H), 9.51-9.53 (m, 1H), 12.02 (broads, 1H). 

20 MS (ESI) m/z 532.5 (M + +1 ); 

Anal. Calcd for CaoH^F^Og-IHgO: C, 65.56; H, 5.87; N, 7.65. Found: C, 65.39; H, 5.94; N, 7.51. 

Example 1 03 

25 trans-4-(1-(7-Fluoro-2-(1-isoquinolinyl)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl (7-fluoro-2-(1-isoquinolinyl)-6-benzoxazolyl)acetate 
30 [1060] 



35 




[1061] In ethanol (13 ml), isoquinoline-1-carbaldehyde (500 mg, 3.1 8 mmol) and methyl 4-amino-2-fluoro-3-hydrox- 
yphenylacetate (632 mg, 3.17 mmol) were stirred at room temperature for 2 days, lodobenzene diacetate (1 .23 g, 3.82 
40 mmol) was added, and the reaction mixture was stirred at room temperature for 1 0 minutes. The reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from n-hexane/ethyl acetate (3:1 , v/v) eluate fractions, methyl (7-fluoro-2-(1-isoquinolinyl)-6-benzox- 
azoly I) acetate (155 mg, 14%) was obtained as a red brown solid. 

1 H-NMR (CDCI 3 ) 5: 3.74 (s, 3H), 3.87 (s, 2H), 7.30-7.33 (m, 1H), 7.66-7.94 (m, 5H), 8.78-8,79 (m, 1H), 9.58 (m ( 1H). 
45 MS(ESI)m/z337(M++1). 

(Step 2) Synthesis of (7-fluoro-2-(1 -isoquinolinyl)-6-benzoxazolyl)acetic acid 

[1062] 

50 




55 

[1063] To methyl (7-fluoro-2-(1-isoquinolinyl)-6-benzoxazolyl)acetate (155 mg, 0.46 mmol) were added THF (3 ml) 
and 0.5N NaOH (3.0 ml, 1 .50 mmol). The resulting mixture was stirred at room temperature for 1 hour. The reaction 
mixture was poured in ice-1N HCI to acidify the mixture therewith. The crystals thus precipitated were collected by 
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filtration under reduced pressure, washed with water and dried under reduced pressure to give (7-fluoro-2-(1-isoquin- 
olinyl)-6-benzoxazolyl)acetic acid (116 mg, 78%) as a brown solid. 

1 H-NMR (DMSO-d 6 ) 6: 3.86 (s, 2H) , 7.44-7.48 (m, 1H) , 7.78-7.80 (m, 1H), 7.88-7.93 (m, 2H), 8.15-8.16 (m, 2H), 
8.77-8.79 (m, 1H), 9.48-9.50 (m, 1H), 12.63 (broad s, 1H). 
MS (ESI)m/z323 (M++1). 

(Step 3) Synthesis of methyl trans-4-(1-(7-fluoro-2-(1-isoquinolinyl)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1065] In DMF (5 ml), (7-fluoro-2-(1-isoquinolinyl)-6-benzoxazolyl)acetic acid (116 mg, 0.36 mmol), methyl trans- 
4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 
21) (93 mg, 0.36 mmol), EDCHCI (1 03 mg, 0.54 mmol), HOBt (73 mg, 0.54 mmol), and triethylamine (75 u.l, 0.54 mmol) 
were stirred at room temperature for 12 hours. The reaction mixture was poured in water. The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give methyl 
trans-4-(1-(7-fluoro-2-(1-isoquinolinyl)-6-benz 
boxylate (192 mg, 95%) as a brown solid. 

1 H-NMR (CDCI 3 ) 6: 1.25-1.54 (m, 4H), 1.97-2.51 (m, 7H), 3.26-3.38 and 3.54-3.58 (each m, total 2H), 3.64-4.09 (m, 
8H), 4.37-4.39 (m, 1H), 5.21 and 5.34-5.39 (each m, total 1H), 7.33-7.40 (m, 1H), 7.66-7.71 (m, 1H), 7.80-7.82 (m, 
2H), 7.86-7.87 (m, 1H), 7.95 (m, 1H), 8.79-8.80 (m, 1H), 9.58-9.59 (m, 1H). 
MS (ESI) m/z 564.5 (M + +1). 

(Step 4) Synthesis of trans-4-(1 -(7-fluoro-2-(1 -isoquinolinyl)-6-benzoxazolylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1067] To methyl trans-4-(1-(7-fluoro-2-(1-isoquinolinyl)-6-benzoxazolylacetyl)-(4S)-fIuoro-(2S)-pyrrolidinylmeth- 
oxy)cyclohexanecarboxylate (192 mg, 0.34 mmol) were added THF (4.0 ml) and 0.25N NaOH (4.0 ml, 1.00 mmol). 
The resulting mixture was stirred at room temperature for 13 hours. The reaction mixture was poured into ice-1 N HCI 
to acidify the mixture therewith. The crystals thus precipitated were collected by filtration under reduced pressure, 
washed with water and dried under reduced pressure to give the title compound (158 mg, 84%) as a brown solid. 
1 H-NMR (DMSO-d 6 ) 6: 1.13-1.41 (m, 4H), 1.84-2.32 (m, 7H), 3.16-4.45 (m, 7H), 5.26-5.35 and 5.40-5.49 (each m, 
total 1H), 7.32-7.39 (m, 1H), 7.75-7.78 (m, 1H), 7.87-7.93 (m, 2H), 8.14-8.16 (m, 2H), 8.77-8.78 (m, 1H), 9.48-9.50 (m, 
1H), 12.02, (broads, 1H). 
MS (ESI) m/z 550.5 (M + +1); 

Anal. Calcd for C^H^^Og-l H 2 0: C, 63.48; H, 5.51 ; N, 7.40. 
Found: C, 63.43; H, 5.48; N, 7.14. 



[1064] 




[1066] 
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Example 104 



trans-4-((4S)-Fluoro-1 -((2-(1 -indolinyl)-6-benzoxazolyl)acetyl)- 2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 
(Step 1) Synthesis of methyl (2-(1-indoIinyl)-6-benzoxazolyl)acetate 



[1069] Indoline (0.34 ml, 3.0 mmol) was dissolved in THF (30 ml). To the resulting solution was added thiocarbonyl- 
diimidazole (588 mg, 3.0 mmol), followed by stirring at room temperature for 3 hours. To the reaction mixture was 
added methyl 4-amino-3-hydroxyphenylacetate (544 mg, 3.0 mmol) and the resulting mixture was stirred at room tem- 
perature for 2 days. Mercuric oxide (yellow) (785 mg, 3.0 mmol) was added and the resulting mixture was stirred at 
70°C for 6 hours. After cooling to room temperature, the reaction mixture was filtered through Celite, followed by 
washing with methanol. The filtrate was distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from chloroform/ethyl acetate (1 0/1 ) eluate fractions, methyl 
(2- (1-indolinyl)-6-benzoxazolyl)acetate (200 mg, 22%) was obtained as a brown solid. 

1 H-NMR (CDCI 3 ) 5 3.30: (t, J=8.6Hz, 2H) , 3.70 (s, 2H) , 3,71 (s, 3H), 4.32 (t, J=8.3Hz, 2H), 7.00 (dt, J=7.3,1 .0Hz, 1 H), 
7.13 (dd, J=8.1 ,6.4Hz. 1H), 7.23 (d, J=6.8Hz, 1H) , 7.28 (d, J=7.3Hz, 1H), 7.36 (d, J=1.2Hz/ 1H), 7.42 (d, J=8.1Hz, 
1H), 7.97 (d, J=8.1Hz, 1H). 
MS (ESI)m/z309 (M + +1). 

(Step 2) Synthesis of (2-(1-indolinyl)-6-benzoxazolyl)acetic acid 



[1071] To methyl (2-(1 -indolinyl)-6-benzoxazolyl)acetate (200 mg, 0.649 mmol) were added THF/methanol (6/3 ml) 
and 1 N NaOH (3 ml). The resulting mixture was stirred at room temperature for 1 .5 hours. The reaction mixture was 
distilled under reduced pressure to remove the solvent. To the residue was added 1 N HCI to acidify the residue there- 
with. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried 
under reduced pressure to give (2-(1 -indolinyl)-6-benzoxazolyl)acetic acid (1 61 mg, 84%) as a brown solid. 
1 H-NMR (DMSO) 8. 3.27 (t, J=8.6Hz, 2H), 3.65 (s, 2H), 4.28 (t, J=8.3Hz, 2H), 7.00 (t, J=7.3Hz, 1H), 7.13 (dd, J=8.1, 
2.0Hz, 1H), 7.28 (t, J=6.9Hz, 2H), 7.38 (d, J=8.1Hz, 1H), 7.46 (s, 1H), 7.97 (d, J=7.8Hz, 1H), 12.32 (br, 1H). 
MS (ESI)m/z249 (M + +1). 

(Step 3) Synthesis of methyl trans-4-((4S)-fluoro-1-((2-(1-indolinyl)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 



[1073] In DMF (5 ml), (2-(1-indolinyl)-6-benzoxazolyl)acetic acid (161 mg, 0.547 mmol), methyl trans-4-((4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecart3oxylate (the compound synthesized in (Step 3) of Example 21) (142 
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mg, 0.547 mmol), EDC HCI (157 mg, 0.821 mmol), H0Bt(111 mg, 0.821 mmol) and triethylamine (0.38 ml, 2.74 mmol) 
were stirred at room temperature for 15 hours. The reaction mixture was poured in ice water, followed by extraction 
with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from chloroform/acetone (10/1) eluate fractions, methyl trans-4-((4S)-fluoro-1-((2-(1-indolinyI)-6-benzoxa- 
zolyl)acetyl)-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (180 mg, 61%) was obtained as a colorless oil. 
1 H-NMR (CDCI 3 ) 5: 1.13-1 .53 (m, 5H), 1 .96-2.51 (m, 6H), 3.22-3.38 (m, 4H), 3.50 (t, J=8.1 Hz, 1 H), 3.64 and 3.66 (each 
s, total 3H, amide isomers), 3.68-4.03 (m, 4H), 4.24 and 4.34 (q and m, J=7.6Hz, total 1 H, amide isomers), 4.31 (t, 
J=8.6Hz, 2H), 5.24 (dq, J=53.1 ,4.4Hz, 1 H), 6.99 (t, J=7.3Hz, 1 H), 7. 1 0 (m, 1 H), 7.23 (d, J=7.1 Hz, 1 H), 7.27 (t, J=7,6Hz, 
1 H), 7.36 (dd, J=8.3,1 .2Hz, 1 H), 7.40 and 7.42 (each d, each J=7.3Hz, total 1 H, amide isomers), 7.96 (d, J=8.1 Hz, 1 H). 
MS (ESI) m/z 536 (M + +1). 

(Step 4) Synthesis of trans-4-((4S)-fluoro-1-((2-(1-indolinyl)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidiny!methoxy) 
cyclohexanecarboxylic acid 



[1075] To methyl trans-4-((4S)-fluoro-1 -( (2-(1-indolinyl)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidinylmethoxy)cyclohex- 
anecarboxylate (180 mg, 0.336 mmol) were added THF/methanol (8/4 ml) and 1N NaOH (4 ml). After stirring at room 
temperature for 1 7 hours, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue 
was acidified with 1N HCI. The crystals thus precipitated were collected by filtration, washed with water and dried under 
reduced pressure to give the title compound (147 mg, 84%) as a colorless solid. 
IR(ATR)v2937, 2860, 1722, 1635, 1601, 1570, 1487, 1439 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 6: 1.19-1.39 (m, 5H), 1.83-2.21 (m, 7H), 3.17 (t, J=9.3Hz, 1H), 3.27 (t, J=8.6Hz, 1H), 3.40-3.94 
(m, 5H), 4.13 and 4.33 (each m, total 1 H, amide isomers), 4.28 (t, J=8.6Hz, 2H), 5.31 and 5.36 (dt and d, J=54.1 , 4.4 
and 54.1 Hz, respectively, total 1H, amide isomers), 6.98 (t, J=7.3Hz, 1H), 7.09 (t, J=8.8Hz t 1H), 7.27 (t, J=7.8Hz, 1H), 
7.29 (t, J=7.1 Hz, 1 H), 7.37 (t, J=4.2Hz, 1 H), 7.40 and 7.42 (d and s, J=2.7Hz, total 1 H, amide isomers), 7.97 (d, J=8.1 Hz, 
1H), 12.03 (s,1H). 
MS (ESI) m/z 522 (M++1); 

Anal. Calcd for C^H^F^Og.O^O: C, 65.87; H, 6.25; N, 7.95; F, 3.59. 
Found: C, 65.93; H, 6.27; N, 7.71; F, 3.45. 

Example 105 

trans-4-(1-((7-fluoro-2-(1-indoliny!)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl (7-fluoro-2-(1-indolinyl)-6-benzoxazolyl)acetate 



[1077] Indoline (0.49 ml, 4.36 mmol) was dissolved in THF (20 ml). To the resulting solution was added N.N'-thio- 
carbonyldiimidazole (863 mg, 4.36 mmol). The resulting mixture was stirred at room temperature for 14 hours. Methyl 
4-amino-2-fluoro-3-hydroxyphenylacetate (1 .0 g, 5.0 mmol) was added to the reaction mixture, followed by stirring at 
70°C for 1 day. Mercuric oxide (yellow) (944 mg, 4.36 mmol) was added to the reaction mixture and the resulting mixture 
was heated at 70°C for 15 hours. After cooling to room temperature, the reaction mixture was filtered through Celite, 
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followed by washing with methanol. The filtrate was distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from chloroform/ethyl acetate (10/1) eluate fractions, 
methyl (7-fluoro-2-(1-indolinyl)-6-benzoxazolyl)acetate (330 mg, 23%) was obtained as a pale brown solid. 
1 H-NMR (CDCI 3 ) 8: 3.31 (t, J=8.5Hz, 2H), 3.72 (s, 3H), 3.76 (s, 2H), 4,33 (t, J=8.3Hz, 2H), 7.02 (t, J=7.3Hz, 1 H), 7.09 
5 (t, J=6.6Hz, 1H), 7.23 (t, J=8.0Hz, 2H) , 7.29 (d, J=8.3Hz, 1H), 7.99 (d, J=8.0Hz, 1H). 
MS (ESI) m/z 327 (M++1). 

(Step 2) Synthesis of (7-fluoro-2-(1 -indolinyl)-6-benzoxazolyl)acetic acid 
10 [1078] 



[1079] To methyl (7-fluoro-2-(1-indolinyl)-6-benzoxazolyl)acetate (330 mg, 1.01 mmol) were added THF/methanol 
(2:1, 12 ml) and 1 N NaOH (4 ml). After stirring at room temperature for 14 hours, the reaction mixture was distilled 
20 under reduced pressure to remove the solvent. The residue was acidified with 1 N HCI. The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give 
(7-fluoro-2-(1 -indolinyl)-6-benzoxazolyl) acetic acid (284 mg, 90%) as a pale brown solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.2B (t, J=8.6Hz, 2H), 3.72 (s, 2H), 4.32 (d, J=8.6Hz, 2H), 7.03 (d, J=7.3Hz, 1 H), 7.1 8(t, J=6.9Hz, 
1 H), 7.24 (d, J=8. 1 Hz, 1 H), 7.27-7.32 (m, 2H), 7.95 (d, J=7. 8Hz, 1 H), 1 2.47 (br, 1 H) . 
25 MS(ESI)m/z313(M + +1). 

(Step 3) Synthesis of methyl trans-4-(1-((7-fluoro-2-(1-indolinyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 

30 [1080] 



F 

C0 2 Me 

[1 081 ] In DMF (4 ml), (7-f luoro-2-(1 -indolinyl)-6-benzoxazotyl)acetic acid (1 56 mg, 0.50 mmol), methyl trans-4- ((4S)- 
40 f luoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (the compound synthesized in (Step 3) of Example 21 ) (1 30 
mg, 0.50 mmol), EDC HCI (144 mg, 0.75 mmol), HOBt (101 mg, 0.75 mmol) and triethylamine (0.35 ml, 2.50 mmol) 
were stirred at room temperature for 3 days. The reaction mixture was poured in ice water, followed by extraction with 
ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography using a thin layer plate, whereby 
45 from chloroform/acetone (10/1) eluate fractions, methyl trans-4-(1-((7-fluoro-2-(1-indoliny1)-6-benzoxazolyl) acetyl) 
-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (279 mg, 100%) was obtained as a brown oil. 
1 H-NMR (CDCI3) 6: 1.19-1 .58 (m, 4H), 1 .97-2.53 (m, 7H), 3.25 (m, 1 H), 3.30 (t, J=8.8Hz, 2H), 3.34 (m, 1 H), 3.52-4.06 
(m, 8H, including amide isomers and 3.69 s, 1H), 4.32 (t, J=8.5Hz, 2H), 4.37 (m, 1H), 5.26 and 5.30 (each dt, J=54.0/ 
4.4 and 53.2, 3.7Hz, total 1 H, amide isomers), 7.01 (t, J=7.6Hz, 1 H), 7.1 0 (q, J=7.3Hz, 1 H), 7.22 (t, J=6.3Hz, 2H), 7.28 
50 (t, J=7.8Hz, 1H), 7.98 (d, J=8.1Hz, 1H). 
MS (ESI) m/z 566 (M + +1). 



55 
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(Step 4) Synthesis of trans-4-(1 -((7-fluoro-2-(1 -indolinyl) -6-benzoxazolyl)acetyl) -(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1082] 



5 



F 



10 



[1083] To methyl trans-4-(1 -((7-fluoro-2-(1 -indolinyl)-6-benzoxazolyl) acetyl) - (4S) -fluoro- (2S)-pyrrolidinyImethoxy) 
cyclohexanecarboxylate (279 mg, 0.50 mmol) were added THF/methanol (2:1, 15 ml) and 1N NaOH (5 ml). The re- 
15 suiting mixture was stirred at room temperature for 1 5 hours. The reaction mixture was distilled under reduced pressure 
to remove the solvent. The residue was acidified with 1 N HCI. The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water and dried under reduced pressure to give the title compound (210 mg, 
78%) as a colorless solid. 

IR (ATR) v 2939, 2862, 1716, 1635, 1576, 1487, 1452, 1408 cm* 1 ; 

20 1 H-NMR (DMSO-d 6 ) 5: 1.14-1.41 (m, 4H), 1.85-2.38 (m, 7H), 3.20 (t, J=9.8Hz, 1H), 3.29 (t, J=8.8Hz, 2H), 3.40-4.15 
(m, 6H), 4.32 (t, J=8.3Hz, 2H), 4.37 (m, 1 H), 5,33 and 5.41 (each d, J=54.9 and 53.5Hz, total 1 H, amide isomers), 7.03 
(t, J=7.3Hz, 1 H), 7.08 and 7.11 (each d, each J=6.6Hz, total 1 H, amide isomers), 7.24 (dt, J=8.1 , 1 .9Hz, 1 H), 7.29 and 
7.31 (each d, each J=7.8Hz, total 2H, amide isomers), 7.96 (d, J=8.1Hz, 1H), 12.05 (br, 1H). 
MS (ESI) m/z 522 (M++1); 

25 Anal. Calcd for C 29 H 31 F 2 N 3 0 5 1 H 2 0: C, 62.47; H, 5.97; N, 7.54; F, 6.81 . 
Found: C, 62.42; H, 5.87; N, 7.47; F, 6.88. 



30 4-(1-((2-(5-Fluoro-1-methylindolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexylaceticacid: 
(Step 1) Synthesis of methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)phenylacetate 



[1085] In THF (70 ml), diisopropyl azodicarboxylate (2.81 ml, 13.6 mmol) was added dropwise to N-tert-butoxycar- 
bonyl-(4S)-fluoro-(2S)-pyrroiidinylmethanol (2.48 g, 11.3 mmol), triphenylphosphine (3.56 g, 13.6 mmol) and methyl 

45 4-hydroxyphenylacetate (1 .88 g, 11 .3 mmol) at room temperature. After completion of the dropwise addition, the re- 
action mixture was stirred at 70°C for 3 hours. The reaction mixture was cooled to room temperature and then, distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from hexane/ethyl acetate (2/1 to 4/1) el u ate fractions, methyl 4-(N-tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyr- 
rolidinylmethoxyjphenylacetate was obtained. The resulting compound was dissolved into methylene chloride (50 ml). 

50 To the resulting solution was added trifluoroacetic acid (20 ml). After the resulting mixture was stirred at room temper- 
ature for 1 hour, the solvent was distilled off under reduced pressure. The residue was neutralized with a saturated 
aqueous solution of sodium bicarbonate, followed by extraction with a chloroform/methanol (10/1) mixture. The extract 
was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from chloroform/methanol (10/1) eluate fractions, 

55 methyl 4-((4S) -fluoro- (2S) -pyrrolidinylmethoxy)phenylacetate (1 .89 g, 63%) was obtained as a colorless oil. 

1 H-NMR(CDCI 3 )8: 1.90 (brs, 1H) , 1 .96-2.02 (m, 1H), 2.16-2.31 (m, 1H), 2.90-3.03 (m, 1H),3.35 (dd, J=13.2, 20.8Hz, 
1H), 3.52 (brs, 1H), 3.56 (s, 2H), 3.67 (s, 3H), 3.96-4.04 (m, 2H), 5.16-5.30 (m, 1H), 6.87 (d, J=8.4Hz, 2H), 7.18 (d, 
J=8.4Hz, 2H). 



Example 1 06 



[1084] 



35 



40 
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MS (ESI)m/z268 (M + +1). 



(Step 2) Synthesis of methyl 4-((4S)*fluoro-(2S)-pyrrolidinylmethoxy)cyclohexylacetate 



[1086] 




w 



15 



20 



25 



30 



35 



40 



45 



50 



[1087] In ethanol/acetic acid (10/1, 55 ml), methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)phenylacetate (1.89 g, 
7.08 mmol) and rhodium-alumina (5%, 500 mg) were subjected to catalytic hydrogenation for 18 hours at room tem- 
perature under a hydrogen gas of 4 atm. From the reaction mixture, the catalyst was filtered off. The filtrate was distilled 
under reduced pressure to remove the solvent. The resulting oil was poured in a saturated aqueous solution of sodium 
bicarbonate to neutralize the oil therewith, followed by extraction with achloroform/methanol (10/1) mixture. The extract 
was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent to give methyl 
((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexylacetate (1 .88 g, 97%) as a colorless oil. 

1 H-NMR (CDCI 3 ), mixture of cis and trans isomers, 8: 1 .23-2.16 (series of m, 10 H), 2.1 9-2.23 (m, 4H), 2.79-2.92 (m, 
1H), 3.16-3.55 (series of m, 5H) t 3.65 (s, 3H), 5.30 (d, J=54.8Hz, 1H). 
MS (ESI) m/z 274 (M++1). 

(Step 3) Synthesis of methyl 4-(1-((2-(5-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexylacetate 



[1089] In DMF (10 ml), HOBt (18.0 mg, 0.14 mmol) was added to (2-(5-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl) 
acetic acid (219 mg, 0.68 mmol), methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexylacetate (185 mg, 0.68 
mmol) and EDC-HCI (142 mg, 0.74 mmol). The resulting mixture was stirred at room temperature for 18 hours. Water 
was added to the residue, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography using thin layer silica gel, whereby from ethyl acetate eluate fractions, methyl 4-(1-((2-(5-fluoro- 
1 -methyl-3-indoly l)-6-benzoxazolyl)acetyl)-(4S)-f luoro-(2S)-pyrrolidinylmethoxy)cyclohexylacetate (334 mg, 85%) was 
obtained as a colorless amorphous substance. 
MS (ESI) m/z 579 (M++1). 

(Step 4) Synthesis of 4-(1-((2-(5-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexylacetic acid 
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[1091 J To methyl 4-(1-((2-(5-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetyi)-(4S)-fluoro-(2S)-pyrro 
cyclohexylacetate (315 mg, 0.54 mmol) were added THF/ methanol (1/1 , 20 ml) and 0.25N NaOH (1 0.9 ml, 2.72 mmol). 
The resulting mixture was stirred at room temperature for 6 hours. The reaction mixture was poured in 1 N HCI to acidify 
the mixture therewith, followed by extraction with a chloroform/ methanol (10/1) mixture. The extract was dried over 
5 anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column, whereby from chloroform/methanol (10/1) eluate fractions, the title compound 
(260 mg, 85%) was obtained as a colorless amorphous substance. 

1 H-NMR (DMSO-d 6 ), mixture of amide isomers, mixture of cis and trans isomers, 5: 1.53-2.60 (series of m, 14H), 
3.44-4.67 (series of m, 6H), 4.24 (s, 3H), 3.22-4.45 (series of m, 7H), 5.55-5.74 (m, 1H), 7.45-7.56 (m, 2H), 7.83 (d, 
10 J=9.2Hz, 1H), 7.91-7.94 (m, 2H), 8.28 (dd, J=2.4, 9.6Hz, 1H), 8.66 (d J=2.8Hz, 1H), 12.23 (brs, 1H). 
MS (ESI) m/z 566 (M++1). 

Example 107 

15 trans-4-(N-(1-((5-Chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethyl)amino)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 1-tert-butoxycarbonyl-(4S)-f!uoroprolinal 

20 [1092] 



25 



Boc 



[1093] To a solution of oxalyl chloride (0.4 ml, 4.605 mmol) in methylene chloride (4.0 ml), DMSO (0.65 ml, 9.209 
mmol) was added dropwise in a nitrogen gas stream and the reaction mixture was stirred at the same temperature for 

30 15 minutes. To the reaction mixture was added a solution of 1 -tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidiny!methanol 
(504.8 mg, 2.302 mmol) in methylene chloride (5.0 ml) at -78°C by using a syringe. The reaction mixture was stirred 
at the same temperature for 1 hour. To the mixture was added diisopropylethylamine (2.0 ml, 11 .51 mmol) at -78°C. 
After stirring at the same temperature for 30 minutes, the reaction mixture was warmed to room temperature and diluted 
with chloroform. The chloroform solution was washed with water, dried over anhydrous sodium sulfate, and distilled 

35 under reduced pressure to remove the solvent to give 1 -tert-butoxycarbonyl-(4S)-fluoroprolinal as a pale yellow amor- 
phous substance. The resulting compound was provided for the subsequent reaction without further purification. 
1 H-NMR (CDCI 3 ) 5: 1.43, 1.46 (total 9H, s, t-Bu), 2.16-2.49 (2H, m), 3.44-3.70 (1H, m), 3.71-3.96 (1H, m), 4.17, 4.29 
(total 1H, d, J=11 .4Hz), 5.19 (1H, d, J=50.0Hz), 9.55 and 9.60 (total 1H, s, CHO). 

40 (Step 2) Synthesis of methyl trans-4-(N-(1 -tert-butoxycarbonyl- (4S)-fluoro-(2S)-pyrrolidinylmethyl)amino) 
cyclohexanecarboxylate 

[1094] 

45 

F 

Boc^H-0 MC02Me 

50 

[1 095] In THF (1 6 mi), sodium triacetoxyboro hydride (1 .22 g, 5.756 mmol) was added to 1 -tert-butoxycarbonyl-(4S)- 
fluoroprolina! and methyl trans-4-aminocyclohexanecarboxylate (362.0 mg, 2.302 mmol) under stirring at 0°C. After 
the reaction mixture was stirred for cyclohexylcarbon 1 hour, it was diluted with chloroform. Asaturated aqueous solution 
of sodium bicarbonate was added, followed by extraction with a chloroform-methanol (10:1, v/v) mixture. The extract 
55 was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1:1, v/v) to chloroform- 
methanol (10:1 , v/v) eluate fractions, methyl trans-4-(N-(1 -tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidinylmethyl)ami- 
no)cyclohexanecarboxylate (776.1 mg, 94% for 2 steps) was obtained as a light brown oil. 
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1 H-NMR (CDCI 3 ) 5: 0.98-1 .50 (total 13H, m, including 9H, s at 5 1 .45), 1 .88-2.12 (5H, m), 2.13-2.30 (2H, m), 2.35-3.07 
(total 4H, series of m), 3.43-4.12 (total 6H, series of m, including 3H, s at 8 3.64), 5.17 (1H, d, J=54.0Hz). 

(Step 3) Synthesis of methyl trans-4-(N-(1-tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidinylmethyl)- 
trifluoroacety!amino)cyclohexanecarboxylate 

[1096] 



F 



O^CF, 



[1 097] Methyl trans-4-(N-(1 -tert-butoxycarbonyl-(4S)-f luoro-(2S)-pyrrolidinylmethyl)amino)cyclohexanecarboxylate 
(776.1 mg, 2.165 mmol) was dissolved in methylene chloride (15 ml). Under stirring at 0°C, triethylamine (0.91 ml, 
6.496 mmol) and trifluoroacetic acid (0.46 ml, 3.248 mmol) were added to the resulting solution, followed by stirring 
for 3 hours at the same temperature. Water was added to the reaction and the mixture was extracted with ethyl acetate. 
The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (4:1 , v/v) eluate 
fractions, methyl trans-4-(N-(1-tert-butoxycaroonyl-(4S)-fl^ 
anecarboxylate (864.0 mg, 88%) was obtained as a light brown oil. 

1 H-NMR (CDCI3) 5: 0.12-2.29 (total 20H, m, including 9H, s at 5 1 .42), 3.20-3.79 (total 8H, series of m, including 3H, 
s at 5: 3.66), 4.62 and 4.70 (total 1 H, m), 5.24 (1 H, br d, J=46.8Hz). 

(Step 4) Synthesis of methyl trans-4-(N-((4S)-fluoro-(2S)-pyrrolidinylmethyl)trif luoroacetylamino)cyclohexanecarboxyl 
ate 



[1098] 



F 

O^CF 3 

[1099] Methyl trans-4-(N-(1-tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrroiidinylmethyl)trifluoroacetylamino)cyclohe 
anecarboxyl ate (864.0 mg, 1 .901 mmol) was dissolved in dioxane (5 ml). To the resulting solution was added 4N HCl/ 
dioxane (20 ml) under stirring at 0°C. After stirring at room temperature for 1 8 hours, the reaction mixture was distilled 
under reduced pressure to remove the solvent to give methyl trans-4-(N-((4S)-fluoro-(2S)-pyrrolidinylmethyl)-trifluor- 
oacetylamino)cyclohexanecarboxylate as a pale yellow oil. The resulting compound was provided for the subsequent 
reaction without further purification. 

(Step 5) Synthesis of methyl trans-4-(N-(1-((5-ch!oro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl) 
-(4S)-fluoro-(2S)-pyrrolidinylmethyl)-trifluoroacetylamino)cyclohexanecarboxylate 

[1100] 



F 
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[1101] In DMF (18 ml), triethylamine (0.26 ml, 1.865 mmol) and EDC HCI (357.6 mg, 1.865 mmol) were added to 
methyl trans-4-(N-((4S)-fluoro-(2S)-pyrrolidlnylmethyl)trifIuoroacetylamino)cyclohexanecarboxyl ate (486.0 mg, 1 .243 
mmol), (5-chloro-2-fluoro-4-((1-methyl-3-lndolylcarbonyl)amlno)phenyl)acetic acid (448.7 mg, 1 .243 mmol) and HOBt 
(33.6 mg, 0.249 mmol). The resulting mixture was stirred for cyclohexylcarbon 18 hours. The reaction mixture was 
diluted with ethyl acetate. The diluted mixture was washed successively with a saturated aqueous solution of sodium 
bicarbonate and 1N HCI, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the 
solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1:1, 
v/v) eluate fractions, methyl trans-4-(N-(1-((5-ch!oro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl) acetyl) 
-(4S)-fluoro-(2S)'pyrrolidinylmethyl)-trifluoroacetylamino)cyclohexanecarboxylate (736.9 mg, 85%) was obtained as a 
light brown oil. 

1 H-NMR (CDCI 3 ) 5: 1.45-1.72 (4H, m), 1.72-1.91 (3H, m), 2.03-2.18 (2H, m), 2.29 (1H, m), 2.50 (1H, m), 3.45-4.20 
(total 1 3H, series of m, including 3H, s at 8: 3.68, and 3H, s at 6: 3.88), 4.67 (1 H , m), 5.33 (1 H, br d, J=53.2Hz), 7.28-7.45 
(4H, m), 7.80 (1H, s), 8.13 (1H, m) , 8.30 (1H, s), 8.52 (1H, d, J=1 2.0Hz). 

(Step 6) Synthesis of trans-4-(N-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethyl)amino)cyclohexanecarboxylic acid 

[1102] 




[1103] Methyl trans-4-(N-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro- 
(2S)-pyrrolidinylmethyl)-trifluoroacetylamino)cyclohexanecarboxylate (309.1 mg, 0.443 mmol) was dissolved in THF 
(6.0 ml). To the resulting solution was added 0.25N NaOH (6.0 ml), followed by stirring at room temperature for 18 
hours. The reaction mixture was distilled under reduced pressure to remove the solvent. The residue was neutralized 
with 1 N HCI and then, purified by an ion exchange resin and reverse phase middle pressure column chromatography 
to give the title compound (51 .6 mg, 20%) as a white amorphous substance. 

1 H-NMR (CD 3 OD)5: 1.28-1.59 (4H, m), 2.06-2.21 (4H, m) , 2.21-2.35 (2H, m), 2.35-2.59 (total 1H, m), 3.10 (1H, m), 
3.78 (2H t s), 3.85-4.15 (total 5H, series of m, including 3H, s at 5: 3.91), 4.48-4.70 (3H, in), 5.42 (1H, d, J=52.7Hz), 
7.27 (1H, dd, J=8.0Hz), 7.32 (1H, dd, J=8.0Hz), 7.46 (1H, d, J=8.0Hz) t 7.51 (1H, d, J=8.0Hz), 8.00 and 8.03 (total 1H, 
s), 8.06 (1H, s), 8.14 and 8.16 (total 1H, s), 8.34 (2H, brs); 
MS (ESI)m/z587 (M + +1). 

Example 108 

trans-4-(N-(1-((7-Fluoro-2-(1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethyl)amino) 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(N-(1-((7-fluoro-2-(1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethyl)-trifluoroacetylamino)cyclohexanecarboxylate 

[1104] 



Me' 

[1105] In DMF (9.0 ml), triethylamine (0.15 ml, 1.089 mmol) and EDC HCI (208.7 mg, 1.089 mmol) were added to 
methyl trans-4- (N-((4S)-fluoro-(2S)-pyrrolidinylmethyl)-trifluoroacetylamino)cyclohexanecarboxylate (238.7 mg, 0.726 
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mmol), (7-fluoro-2-(1-methyl-3-indolyl)-6-benzoxazolyl)acetic acid (235.4 mg, 0.726 mmol) and HOBt (19.6 mg, 0.145 
mmol). The resulting mixture was stirred for 1 8 hours at room temperature. The reaction mixture was diluted with ethyl 
acetate. The diluted mixture was washed successively with 1 N HCI and a saturated aqueous solution of sodium bicar- 
bonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
s was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1:1, v/v) eluate fractions, 
methyl trans-4-(N-(1-((7-fluoro-2-(1-methyl-3^ 

luoroacetylamino)cyclohexanecarboxylate (100%) was obtained as a light brown oil. 

1 H-NMR (CDCI 3 ) 8: 1.45-1.70 (5H, m), 1.72-1.89 (2H, m), 2.00-2.18 (2H, m), 2.30 (1H, m), 2.55 (1H, m), 3.50-4.17 
(total 13H, series of m, including 3H, sat 6: 3.67, and3H,s at 5: 3.92), 4.67 (1H, m), 5.32 (1H,brd, J=53.2Hz), 7.31-7.50 
10 (5H, m), 7.98 (1 H, m), 8.44 (1 H, m). 

(Step 2) Synthesis of trans-4-(N-(1 -((7-fluoro-2-(1 -methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethyl)amino)cyclohexanecart)oxylic acid 

15 [1106] 



Me' 



[1107] Methyl trans-4-(N-(1-((7-fluoro-2- (1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
25 methyl)-trifluoroacetylamino)cyclohexanecarboxylate (145.8 mg, 0.211 mmol) was dissolved in THF (4.0 ml). To the 

resulting solution was added 0.25N NaOH (4.0 ml), followed by stirring at room temperature for 1 8 hours. The reaction 

mixture was distilled under reduced pressure to remove the solvent. The residue was neutralized with 1N HCI and 

then, purified by an ion exchange resin and reverse phase middle pressure column chromatography to give the title 

compound (36.0 mg, 30%) as a white amorphous substance. 
30 1H-NMR (CD3OD) 5: 1 .20-1 .56 (5H, m), 1 .92-2.57 (6H, m), 3.05 (1 H, m), 3.67-4.1 6 (total 9H, m, including 3H, s at S: 

3.94), 4.40-4.70 (1H, m), 5.43 (1H, brd, J=52.4Hz), 7.10-7.55 (5H, m), 8.11 (1H, s), 8.30 (1H, d, J=8.0Hz), 8.44 (1H, 

brs); 

MS (ESI) m/z 551 (M++1). 

35 Example 109 

1-(2-(1-((5-Chloro-2-fluoro-4-((1-methyl-3-indolyto 
4-piperidinecarboxylic acid: 

40 (Step 1 ) Synthesis of 1 -(tert-butoxycarbonyl)-(2S)-chloromethyl-(4S)-fluoropyrrolidine 

[1108] 



45 




Boc 

50 

[1109] In acetonitrile (120 ml), carbon tetrachloride (3.30 ml, 34.2 mmol) was added dropwise to 1 -(tert-butoxycar- 
bonyl)-(4S) -fluoro-(2S)-pyrrolidinylmethanol (5.00 g, 22.8 mmol), potassium cyanide (2.97 g, 45.6 mmol), tributylphos- 
phine (6.83 ml, 27.4 mmol), and 1 8-crown-6 (0.60 g, 2.28 mmol) under stirring at 0°C. After completion of the dropwise 
addition, the reaction mixture was stirred at room temperature for 1 9 hours and at 80°C for 9 hours. After the reaction 
55 mixture was cooled to room temperature and the crystals thus precipitated were filtered off, the filtrate was distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from n-hexane-ethyl acetate (4:1, v/v) eluate fractions, 1-(tert-butoxycarbonyl)-(2S)-chloromethyl-(4S)-fluor- 
opyrrolidine (2.05 g, 46%) was obtained as a yellow solid. 
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1 H-NMR (CDCI 3 ) 8: 1.50 (broad s, 9H), 2.16 (m, 1H), 2.53 (m, 1H), 3.41-4.17 (m, 5H), 5.24 (m, 1H). 



(Step 2) Synthesis of (1-(tert-butoxycaitonyl)-(4S)4luoro-(2R)-pyrrolidinyl)acetonitrile 



[1110] 



F 




.CN 



Boc 



[1111] In DMSO (50 ml), 1-(tert-butoxycarbonyl)-(2S)-chloromethyl-(4S)-fluoropyrrolidine (2.01 g. 8.46 mmol) and 
sodium cyanide (0.83 g, 1 6.9 mmol) were stirred at 80°C for 21 hours. After cooling to room temperature, the reaction 
mixture was added with water, followed by extraction with ethyl acetate. The extract was washed with saturated brine, 
dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from n-hexane-ethyl acetate (3:1 , v/v) eluate fractions, 
(1-(tert-butoxycarbonyl)-(4S)-fluoro-(2R)-pyrrolidinyl)acetonitrile (1.67 g, 86%) was obtained as a yellow oil. 
IR(ATR)v2250 cm* 1 ; 

1 H-NMR (CDCI3) 5: 1 .46 (broad s, 9H), 2.20-2.43 (m, 2H), 2.59 (m, 1 H), 3.00 (m, 1 H), 3.48-3.75 (m, 2H), 4.22 (m, 1 H), 

5.25 (m,1H). 

MS (ESI) m/z 229 (M++1). 

(Step 3) Synthesis of (1-(tert-butoxycarbonyl)-(4S)-fluoro-(2R)-pyrrolidinyl)acetic acid 



[1113] In methanol (36 ml), (1-(tert-butoxycarbonyl)-(4S)-fluoro-(2R)-pyrrolidinyl)acetonitrile(1 .67 g, 7.32 mmol) and 
0.25N NaOH (44 ml, 1 1 .0 mmol) were heated under reflux for 24 hours. After cooling to room temperature, the reaction 
mixture was distilled under reduced pressure to remove the solvent. The residue was dissolved in water. The aqueous 
solution was acidified with 1N HCI, followed by extraction with ethyl acetate. The extract was dried over anhydrous 
magnesium sulfate, and distilled under reduced pressure to remove the solvent to give (1-(tert-butoxycarbonyl)-(4S)- 
fluoro-(2R)-pyrrolidinyl)acetic acid (1 .37 g, 76%) as a brown solid. 

1 H-NMR (CDCI3) 8: 1.47 (s, 9H), 2.16-2.27 (m, 2H), 2.63 (m, 1H), 3.02 (m, 1H), 3.43-3.79 (m, 2H), 4.34 (m, 1H), 5.23 
(m, 1H). 

MS (ESI) m/z 248 (M++1). 

(Step 4) Synthesis of 2-(1-(tert-butoxycarbonyl)-(4S)-fluoro-(2R)-pyrrolidinyl)ethanol 



[1112] 



F 




Boc 



[1114] 



F 




Boc 
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[1115] In THF (30 ml) was dissolved (1-(tert-butoxycarbonyl)-(4S)-fluoro-(2R)-pyrrolldinyl)acetlc acid (1.37 g, 5.54 
mmol). To the resulting solution, a 1 0 borane"dimethyl sulfide solution (0.68 ml, 7.20 mmol) was added dropwise under 
stirring at 0°C. After completion of the dropwise addition, the reaction mixture was heated under reflux for 3 hours. The 
reaction mixture was cooled to room temperature and then, distilled under reduced pressure to remove the solvent. 
s The residue was treated with a saturated aqueous solution of sodium bicarbonate, followed by extraction with chloro- 
form. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced 
pressure to remove the solvent to give 2-(1-(tert-butoxycarbonyl)-(4S)-fluoro-(2R)-pyrrolidinyl)ethanol (1.19 g, 92%) 
was obtained as a yellow oil. 

1 H-NMR (CDCI 3 ) 5: 1 .48 (s, 9H) ( 1 .76-2.27 (m, 4H) , 3.55-3.73 (m, 4H), 4,20-4.30 (m, 2H), 5.23 (m, 1H). 
10 MS(ESl)m/z234(M + +1). 

(Step 5) Synthesis of ethyl 1-(2-(1-(tert-butoxycarbonyl)-(4S)-fluoro-(2R)-pyrrolidinyl)ethyl)-4-piperidinecarboxylate 

[1116] 




[1117] In methylene chloride (50 ml) were dissolved 2-(1-(tert-butoxycarbonyl)-(4S)-fluoro-(2R)-pyrrolidinyl).ethanol 
(1.19 g, 5.10 mmol) and triethylamine (1.07 ml, 7.65 mol). Under stirring at 0°C, methanesulfonyl chloride (0.43 ml, 

25 5.61 mmol) was added dropwise to the resulting solution. After stirring at the same temperature for 1 hour, the reaction 
mixture was added with a saturated aqueous solution of NH 4 Cl, followed by extraction with chloroform. The extract 
was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent to afford a mesylate (1 .60 g) as a yellow oil. In acetonitrile, the resulting mesylate (1 .60 g), ethyl 4-piperid- 
inacetate (1 .20 ml, 7.48 mmol), and potassium carbonate (0.71 g, 5.14 mmol) were heated under reflux for 1 .5 hours. 

30 The reaction mixture was cooled to room temperature. The precipitate was filtered off, and the filtrate was distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from chloroform-methanol (1 0:1 , v/v) eluate fractions, ethyl 1 -(2-(1 -(tert-butoxycarbonyl)-(4S)-fluoro-(2R)-pyr- 
rolidinyl)ethyl)-4-piperidinecarboxylate (831 mg, 44%) was obtained as a yellow oil. 

1 H-NMR (CDCI3) 8: 1 .24 (t, J=7.1 Hz, 3H), 1 .46 (s, 9H), 1 .62-2.47 (m, 12H), 2.83-2.90 (m, 2H), 3.49-3.93 (m, 3H), 4.12 
35 (q, J=7.1Hz, 2H), 4.18 (m, 1H), 5.18 (m, 1H). 
MS (ESI) m/z 373 (M++1). 

(Step 6) Synthesis of ethyl 1-(2-((4S)-f!uoro-(2R)-pyrrolidinyl)ethyl)-4-piperidinecarboxylate 
40 [1118] 



45 



CO,Et 



[1119] Ethyl 1-(2-(1-(tert-butoxycarbonyl)-(4S)-fluoro-(2R)-pyrrolidinyl)ethyl)-4-piperidinecarboxylate (831 mg, 2.23 
so mmol) was dissolved in methylene chloride (10 ml). After trifluoroacetic acid (5.0 ml) was added to the resulting solution 
at 0°C, the temperature of the reaction mixture was caused to rise back to room temperature and stirring was conducted 
for 1 hour. The reaction mixture was distilled under reduced pressure to remove the solvent. The residue thus obtained 
was neutralized with a saturated aqueous solution of sodium bicarbonate, followed by extraction with chloroform. The 
extract was washed with saturated brine, dried over anhydrous sodium sulfate, 'and distilled under reduced pressure 
ss to remove the solvent to give ethyl 1 -(2-((4S)-fluoro-(2S)-pyrrolidinyl)ethyl)-4-piperidinecarboxylate (466 mg, 77%) as 
a yellow oil. 

1 H-NMR (CDCI3) 5: 1 .25 (t, J=7.1 Hz, 3H), 1 .68-2.1 6 (m, 8H), 2.21 -2.35 (m, 2H), 2.40-2.58 (m, 2H), 2.80-3.07 (m, 2H), 
3.29-3.76 (m, 3H), 4.13 (q, J=7.1Hz, 2H), 4.16 (m, 1H), 5.22 (m, 1H). 
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MS (ESI) m/z 273 (M++1). 

(Step 7) Synthesis of ethyl 1-(2-(1-((5<hloro-2-fluoro-4-((1-m^ 
fluoro-(2R)-pyrrolidinyl)ethyl)-4-piperidinecarboxylate 

[1120] 




[1121] To (5-chloro-2-fluoro-4- ((1-methyl-3-indolylcaroonyl)amino)phenyl)acetic acid (334 mg, 0.93 mmol), ethyl 
1-(2-((43)-fluoro-(2R)-pyrrolidinyl)ethyl)-4-piperidinecarboxylate (252 mg, 0.93 mmol), HOBt (25.0 mg, 0.19 mmol), 
and DMAP (23.0 mg, 0.1 9 mmol) were added DMF (9.0 ml) and EDC HCI (266 mg, 1 .39 mmol). The resulting mixture 
was stirred at room temperature for 20 hours. Water was added to the reaction mixture, followed by extraction with 
chloroform. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from ethyl acetate-acetone (1:1, v/v) eluate fractions, ethyl 1-(2-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl) 
amino)phenyl)acetyl)-(4S)-fluoro-(2R)-pyrrolidinyl)ethyi)-4-piperidinecarboxylate (269 mg, 47%) was obtained as a 
pale yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 5: 1.25 (t, J=7.4Hz, 3H). 1.74-2.40 (m, 12H), 2.88-2.95 (m, 2H), 3.52-3.87 (m, 5H), 3.88 (s, 3H), 
4.09-4.33 (m, 3H), 5.30 (m, 1H), 7.33-7.45 (m, 4H), 7.81 (s, 1H), 8.14 (m, 1H), 8.30 (m, 1H), 8.52 and 8.53 (each d, 
J=1 1.5Hz, total 1H). 
MS(ESI)m/z616(M + +1). 

(Step 8) Synthesis of 1 -(2-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2R)- 
pyrrolidinyl)ethyl)-4-piperidinecarboxylic acid 

[1122] 




[1123] To ethyl 1-(2-(1 -((5-ch!oro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2R)- 
pyrrolidinyl)ethyl)-4-piperidinecarboxylate (269 mg, 0.44 mmol) were added THF (4.5 ml) and 0.25N NaOH (2.62 ml, 
0.66 mmol). The resulting mixture was stirred at room temperature for 21 hours. The reaction mixture was distilled 
under reduced pressure to remove the solvent. The residue was neutralized with 1 N HCI, and purified by an ion ex- 
change resin (HP-20, Mitsubishi Chemical) to give the title compound (160 mg, 62%) as a pale yellow solid. 
IR(ATR)v3419, 2940, 1644, 1583, 1511, 1465 cm* 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 1.45-1 .58 (m, 2H), 1.74-2.36 (m, 9H), 2.73-2.87 (m, 2H), 3.41-3.87 (m, 7H), 3.88 (s, 3H), 4.09 
and 4.20 (each m, total 1H), 5.32 and 5.39 (each m, total 1H), 7.21 (m, 1H), 7.27 (m, 1H), 7.44 and 7.49 (each d, 
J=7.6Hz, total 1H), 7.54 (d, J=8.1Hz, 1H), 7.71 (d, J=11.2Hz, 1H), 8.14 (d, J=7.6Hz, 1H), 8.30 (s, 1H), 9.29 (m, 1H). 
MS (ESI) m/z 587 (M++1); 

Anal. Calcd for CaoH^C^N^ 0.75H 2 O: C, 60.00; H, 5.79; N, 9.33. 
Found: C, 60.08; H, 6.00; N, 9.12. 
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Example 110 

trans-4-(((4S)-Fluoro-1-(2-(5-fluoro-2-methylphenylam 
carbonylamino)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-((1-tert-butoxycaroonyl-(4S)-fIuoro-(2S)-pyiTolidinylcart)onyiamino^ 
cyclohexanecarboxylate 

[1124] 



15 




> 



[1125] Methyl trans-4-aminocyclohexanecarboxylate (1 .02 g, 6.481 mmol) and triethylamine (2.26 ml, 16.20 mmol) 
were dissolved in DMF (20 ml). To the resulting solution were added 1-tert-butoxycarbonyl-(4S)-fluoro-(2S)-proline 

20 (1 .51 g, 6.481 mmol), HOBt (1 75.2 mg, 1 .296 mmol) and EDC-HCI (1 .86 g, 9.722 mmol) and the resulting mixture was 
stirred at room temperature for 1 8 hours. The reaction mixture was diluted with ethyl acetate. The diluted mixture was 
washed successively with 1N HCI and a saturated aqueous solution of sodium bicarbonate, dried over anhydrous 
sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatog- 
raphy on a silica gel column, whereby from hexane-ethyl acetate (1 ; 1 to 1 :3, v/v) eluate fractions, methyl trans-4-((1 -tert- 

25 butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarboxylate (1.21 g, 50%) was obtained as 
an oil. 

1 H-NMR (CDCI 3 ) 8: 1 .03-1 .20 (2H, m), 1 .32-1 .63 (total 12H, m), 1 .89-2.07 (5H, m), 2.23 (1 H, m), 2.55 (1 H, br s, NH), 
3.45-3.84 (total 6H, m), 4.33 (1H, m), 5.18 (1H, d, J=52.0Hz). 

30 (Step 2) Synthesis of methyl trans-4-(((4S)-fluoro-(2S)-pyrrolidinyl)carbonylamino)cyciohexanecarboxylate 

[1126] 



O 

40 

[1 127] Methyl trans-4-(1 -tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidinylcarbonylamino) cyclohexanecarboxylate 
(1 .21 g, 3.249 mmol) was dissolved in methylene chloride (20 ml). To the resulting solution was added trifluoroacetic 
acid (10 ml) at 0°C. The resulting mixture was stirred at room temperature for 3.5 hours. The reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was dissolved in chloroform. The chloroform 

45 solution was neutralized by washing with a saturated aqueous solution of sodium bicarbonate, followed by extraction 
with a chloroform-methanol (10:1, v/v) mixture. The extract was dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent to give methyl trans-4-(((4S)-fluoro-(2S)-pyrrolidinyl)carbonylamino) 
cyclohexanecarboxylate. The resulting compound was provided for the subsequent reaction without further purification. 
1 H-NMR (CDCI3) 6: 1.07-1.35 (2H, m), 1.43-1.65 (2H, m), 1.88-2.14 (5H, m), 2.15-2.49 (3H, m), 3.06-3.38 (2H, m), 

50 3.60-3.88 (total 5H, m), 5.16 (1H, br d, J=53.2Hz), 7.39 (1H, brs, NH). 



55 
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(Step 3) Synthesis of methyl trans-4-(((4S)-fluoro-1 -(2-(5-fluoro-2-methylphenylamino)-7-f luoro-6-benzoxazolylacetyl) 
-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarboxylate 

[1128] 

5 



10 




[1129] To the above-described methyl trans-4-(((4S)-fluoro-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarboxy- 
late (81.5 mg, 0.299 mmol), 2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxa2olylacetic acid (92.3 mg, 0.299 

15 mmol) and HOBt (8.1 mg, 0.060 mmol) were added DMF (4.0 ml) and EDC HCI (86.1 mg, 0.449 mmol). The resulting 
mixture was stirred at room temperature for 1 8 hours. The reaction mixture was diluted with ethyl acetate. The diluted 
mixture was washed with 1N HCI and a saturated aqueous solution of sodium bicarbonate, dried over anhydrous 
sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatog- 
raphy on a silica gel column, whereby from chloroform-methanol (20:1, v/v) eluate fractions, methyl trans-4-((4S)- 

20 fluoro-1-(2-(5-fluoro-2-methoxyphenylamino)-7-fluo 

clohexanecarboxylate (1 0%) was obtained as a crystalline powder. The resulting compound was provided for the sub- 
sequent reaction without further purification. 

1 H-NMR (CDCI 3 ) 8: 1.00-1.30 (2H, m), 1.42-1.63 (2H, m), 1.79-2.08 (5H, m), 2.08-2.36 (5H, m), 3.59-4.06 (total 8H. 
series of m), 4.59 and 4.74 (total 1 H, d, J=9.6Hz), 5.27 and 5.31 (total 1 H, d, J=52.4Hz), 6.74 (1 H, m), 6.97-7.1 7 (2H. 
25 m), 7.22 (1H, m), 7.41 (1H, m), 8.01 (2H, m). 

(Step 4) Synthesis of trans-4-(((4S)-fluoro-1-(2-(5-fluoro-2-methoxyphenylamino)-7-fluoro-6-benzoxazolylacetyl)-(2S)- 
pyrrolidinyl)carbonylamino)cycIohexanecarboxylic acid 

so [1130] 



35 




[1131] To the above-described methyl trans-4-(((4S)-fluoro-1-(2-(5-fluoro-2-methoxyphenylamino)-7-fluoro-6-ben- 

zoxazolylacetyl)-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarboxylate were added THF (4.0 ml) and 0.25N NaOH 
40 (4.0 ml). The resulting mixture was stirred at room temperature for 7 hours. The reaction mixture was distilled under 

reduced pressure to remove the solvent and the residue was neutralized with 1 N HCI. The crystals thus precipitated 

were collected by filtration under reduced pressure, washed with water and dried at 50°C under reduced pressure to 

give the title compound (142.5 mg, 85% for 2 steps) as a crystalline powder. 

IR (ATR) v 2937, 1639, 1579, 1538 cm- 1 ; 
45 1H-NMR (DMSO-d 6 ) 8: 1.10-1.45 (5H, m), 1.76 (2H, m), 1.90 (2H, m), 2.04-2.50 (total 5H, m), 3.42-4.01 (total 5H, 

series of m), 4.40 and 4.63 (total 1H, d, J=9.6Hz), 5.25 and 5.34 (total 1 H, d, J=52.4Hz), 6.89 (1H, m), 7.02-7.48 (4H, 

m), 7.90 (1 H, m), 1 0.03 (1 k, br s), 1 2.05 (1 H, br s, C0 2 H). 

MS (ESI) m/z559(M + +1); 

Anal. Calcd for CasH^N^ H 2 0: C, 58.33; H, 5.42; N, 9.72; F, 9.89. 
so Found: C, 58.08; H, 5.38; N, 9.45; F, 9.59. 
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Example 111 



10 



15 



'20 



25 



30 



35 



40 



45 



50 



trans^-((1-(5-Chloro-2-fluoro^-((1-me 
carbonylamino)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-((14ert-butoxycaroonyt-(4S)-fluoro-(2S)-pyrrolidinyl)carbonylamino) 
cyclohexanecarboxylate 



[1133] Methyl trans-4-amlnocyclohexanecarboxylate (1.02 g, 6.481 mmol) was dissolved in DMF (20 ml). To the 
resulting solution was added triethylamine (2.26 ml, 16.20 mmol) at room temperature. After stirring for 5 minutes, 
1 -tert-butoxycarbonyl-(4S)-fluoro-(2S)-proline (1 .51 g, 6.481 mmol), HOBt (1 75.2 mg, 1 .296 mmol) and EDC-HCI (1 .86 
g, 9.722 mmol) were added to the reaction mixture. The resulting mixture was stirred for 1 8 hours at room temperature. 
The reaction mixture was diluted with ethyl acetate. The diluted mixture was washed successively with 1N HCI and a 
saturated aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
hexane-ethyl acetate (1 :1 to 1 :3, v/v) eluate fractions, methyl trans-4-((1 -tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolid- 
inyl)carbonylamino)cyclohexanecarboxylate (1 .21 g, 50%) as an oil. 

1 H-NMR (CDCI 3 ) 6: 1.03-1.20 (2H, m), 1.32-1.63 (total 12H, m), 1.89-2.07 (5H, m), 2.23 (1H, m), 2.55 (1H, brs, NH), 
3.45-3.84 (total 6H, m), 4.33 (1H, m), 5.18 (1H, d, J=52.0Hz). 

(Step 2) Synthesis of methyl trans-4-(((4S)-fluoro-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarboxylate 



[1 1 35] Methyl trans-4-((1 -tert-butoxycarbonyl-(4S)-f luoro-(2S)-pyrrolidinylcarbonylamino)cyclohexanecarboxylate 
(55.3 mg, 0.148 mmol) was dissolved in methylene chloride (2.0 ml). To the resulting solution was added trifluoroacetic 
acid (1.0 ml) at 0°C. The resulting mixture was stirred at room temperature for 2.5 hours. The reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue thus obtained was diluted with chloroform. The 
chloroform solution was neutralized with a saturated aqueous solution of sodium bicarbonate, followed by extraction 
with a chloroform-methanol (10:1, v/v) mixture. The extract was dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent, whereby methyl trans-4-(((4S)-fluoro-(2S)-pyrrolidinyl)carbonylamino) 
cyclohexanecarboxylate was obtained as an amorphous substance. The resulting compound was provided for the 
subsequent reaction without further purification. 

1 H-NMR (CDCI3) 8: 1.07-1.35 (2H, m), 1.43-1.65 (2H, m) , 1.88-2.14 (5H, m), 2.15-2.49 (3H, m), 3.06-3.38 (2H, m), 
3.60-3.88 (total 5H, m), 5.16 (1H, br d, J=53.2Hz), 7.39 (1H, brs, NH). 



[1132] 
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(Step 3) Synthesis of methyl trans-4-((1-(5-chloro-2-fluoro^-((1-methyl-3-indo^ 
fluoro-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarboxylate 

[1136] 

5 



10 




[1137] The above-described methyl trans-4-(((4S)-fluoro-(2S)-pyrrolldinyl)carbonylamino)cycIohexanecarboxylate 
(40.4 mg, 0.148 mmol), 5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenylacetlc acid (53.6 mg, 0.148 

'5 mmol) and 1-HOBt (4.0 mg, 0.030 mmol) were dissolved in DMF (2.0 ml). To the resulting solution was added EDC 
HCI (42.7 mg r 0.223 mmol) and the mixture was stirred at room temperature for 18 hours. The reaction mixture was 
diluted with ethyl acetate. The diluted mixture was washed successively with 1 N HCI and a saturated aqueous solution 
of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the sol- 
vent. The residue was purified by chromatography on a silica gel column, whereby from chloroform-methanol (10:1, 

20 v/v) eluate fractions, methyl trans-4-((1-(5-chloro-2-fluoro-4- ((1-methyl-3-indolylcarbonyl)amino)phenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarboxylate (62.0 mg, 68% for 2 steps) was obtained as a pale 
yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 1 .00-2.32 (total 12H, series of m), 3.45-4.07 (total 11 H, series of m), 4.55 and 4.71 (total 1 H, d, J- 
10.0Hz), 5.26 and 5.29 (total 1H, d, J=52.8Hz), 7.27-7.45 (4H, m), 7.79 (1H, m), 8.12 (1H, m), 8.29 (1H, m), 8.54 (1H, 
25 dd,J=1 2.4Hz). 

(Step 4) Synthesis of trans-4-((1-(5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenylacetyl)-(4S)- 
fluoro-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarboxylic acid 

30 [1138] 



35 




[1139] To methyl trans-4-((1-(5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenylacetyl)-(4S)-fluoro- 
40 (25)-pyrrolidinyl)carbonylamino)cyclohexanecarboxylate (62.0 mg, 0.101 mmol) were added THF (1 .5 ml) and 0.25N 

NaOH (1 .5 ml). The resulting mixture was stirred at room temperature for 6 hours. The reaction mixture was distilled 

under reduced pressure to remove the solvent. The residue was neutralized with 1 N HCI The crystals thus precipitated 

were collected by filtration under reduced pressure, washed with water and dried at 50°C under reduced pressure to 

give the title compound (56.3 mg, 93%) as a white amorphous substance. 
45 iH-NMR(DMSO-d 6 )5: 1 .11-1 .42 (4H, m), 1 .74 (2H, in), 1 .89 (2H, m), 2.05-2.52 (3H, m), 3.37-4.01 (total 8H, series of 

m), 4.40 and 4.64 (total 1 H, d, J=1 0.0Hz), 5.25 and 5.36 (total 1 H, d, J=52.4Hz), 7.1 6-7.95 (total 6H, series of m), 8. 1 5 

(1H, d, J=8.0Hz), 8.31 (1H, s), 9.31 (1H, m), 12.05 (1H, s, C0 2 H) . 

MS (ESI) m/z601 (M + +1). 

50 



55 



261 



EP 1 346 982 A1 

Example 112 

trans-4-((1- (3-Chloro-4-((1-isoquinolinylcarbonyl)amino)phen 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4>((1-tert-butoxycaroonyl-(4S)-fluoro-(2S)-pyrrolidinyl) carbonylamino) 
cyclohexanecarboxylate 

[1140] 




[1141] Methyl trans-4-aminocyc!ohexanecarboxylate (1.02 g, 6.481 mmol) was dissolved in DMF (20 ml). To the 
resulting solution was added triethylamine (2.26 ml, 16.20 mmol) at room temperature and the mixture was stirred for 

20 5 minutes. To the reaction mixture were added 1-tert-butoxycarbonyl-(4S)-fluoro-(2S)-proline (1.51 g, 6.481 mmol), 
HOBt (1 75.2 mg, 1 .296 mmol) and EDC-HCI (1 .86 g, 9.722 mmol). The resulting mixture was stirred at room temper- 
ature for 18 hours. The reaction mixture was diluted with ethyl acetate. The diluted mixture was washed with 1N HCI 
and a saturated aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 

25 from hexane-ethyl acetate (1:1 to 1:3, v/v) eluate fractions, methyl trans-4-((1-tert-butoxycarbonyl-(4S)-fluoro- (2S)- 
pyrrolidinyl)carbonylamino)cyclohexanecarboxylate (1.21 g, 50%) was obtained as an oil. 

1 H-NMR (CDCI 3 ) 5: 1 .03-1 .20 (2H, m), 1 .32-1 .63 (total 12H, m), 1 .89-2.07 (5H, m), 2.23 (1 H, m), 2.55 (1 H, br s, NH), 
3.45-3.84 (total 6H, m), 4.33 (1H, mj, 5.18 (1H, d, J=52.0Hz). 

. 30 (Step 2) Synthesis of methyl trans-4-(((4S)-fluoro-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarboxylate 



[1142] 



O 

40 

[1143] Methyl trans-4-((1-tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarooxylat^ 
(1 .21 g, 3.249 mmol) was dissolved in methylene chloride (20 ml). To the resulting solution was added trifluoroacetic 
acid (10 ml) at 0°C. After stirring at room temperature for 3.5 hours, the reaction mixture was distilled under reduced 
pressure to remove the solvent. The residue was dissolved in chloroform. The resulting solution was neutralized with 

45 a saturated aqueous solution of sodium bicarbonate, followed by extraction with a chloroform-methanol (10:1, v/v) 
mixture. The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the 
solvent to give methyl trans-4-(((4S)-fluoro-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarboxylate as a thick sticky 
liquid. The resulting compound was provided for the subsequent reaction without further purification. 
1 H-NMR (CDCI3) 8: 1.07-1.35 (2H, m), 1.43-1.65 (2H, m), 1.88-2.14 (5H, m), 2.15-2.49 (3H, m), 3.06-3.38 (2H, m), 

so 3.60-3.88 (total 5H, m), 5.16 (1H, br d, J=53.2Hz), 7.39 (1H, brs, NH). 
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(Step 3) Synthesis of methyl trans-4-((1-(3-chloro-4-((1-isoquinoiinylcarbonyl)amino)phenylacetyl)- (4S)-fluoro-(2S)- 
pyrrolidinyl)carbonylamino)cyclohexanecarboxylate 



[1145] The above-described methyl trans-4-(((4S)-fluoro-(2S)-pyrrolidinyl)carbonylamino)cyclohexanecarboxylate 
(80.6 mg, 0.296 mmol), 3-chloro-4-((lHsoquinolinylcarbonyl)amino)phenylacetic acid (100.9 mg, 0.296 mmol) and 
1 -HOBt (8.0 mg, 0.059 mmol) were dissolved in DMF (4.0 ml). To the resulting solution was added EDC HCI (85. 1 mg, 
0.444 mmol). The resulting mixture was stirred for 18 hours at room temperature. The reaction mixture was diluted 
with ethyl acetate. The diluted mixture was washed successively with 1N HCI and a saturated aqueous solution of 
sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. 
The residue was purified by chromatography on a silica gel column, whereby from chloroform-methanol (20:1, v/v) 
eluate fractions, methyl trans-4-((1 -(3-chloro-4-((1 -isoquinolinylcarbonyl)amino)phenylacetyl)-(4S)-fluoro-(2S)-pyrro- 
lidinyl)carbonylamino)cyclohexanecarboxylate (172.1 mg, 98%) was obtained as a thick sticky liquid. 
1 H-NMR (CDCI 3 ) 8: 0.98-1 .23 (2H, m), 1 .43-1 .65 (2H, m), 1 .88-2.1 0 (6H, m), 2.24 (1 H, m), 3.52-4.06 (total 8H, series 
of m), 4.52 and 4.74 (total 1 H, d, J=9.6Hz), 5.26 (1 H, d, J=53.3Hz), 5.96 and 6.32 (total 1 H, d, J=B.5Hz), 7.24 and 7.28 
(total 1H, s), 7.39 and 7.44 (total 1H, s), 7.74 (2H, m), 7.89 (2H, m), 8.59 (1H, m), 8.66 (1H, d, J=8.0Hz), 8.71 (1H, d, 
J=8.4Hz), 9.70 (1H, d, J=8.4Hz), 11.03 and 11.07 (total 1H, s). 

(Step 4) Synthesis of trans-4-((1-(3-chloro-4-((1-isoquinolinylcarbonyl)amino)phenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylcarbonylamino)cyclohexanecarboxylic acid 



[1147] To methyl trans-4-((1-(3-chloro-4-((1-isoquinolinylcato^ 

carbonylamino)cyclohexanecarboxylate (172.1 mg, 0.289 mmol) were added THF (4.0 ml) and 0.25N NaOH (4.0 ml). 
The resulting mixture was stirred at room temperature for 7 hours. The reaction mixture was distilled under reduced 
pressure to remove the solvent. The residue was neutralized with 1 N HCI. The crystals thus precipitated were collected 
by filtration under reduced pressure, washed with water and dried at 50°C under reduced pressure to give the title 
compound (147.5 mg, 88%) as an amorphous substance. 
I R (ATR) v 2940, 1652,1517 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) S: 1 .11-1 .44 (4H, m), 1 .76 (2H, m), 1 .90 (2H t m), 2.07-2.62 (3H, m), 3.40-3.99 (total 5H, series of 
m), 4.41 and 4.61 (total 1H, d, J=9.6Hz), 5.26 and 5.34 (total 1H, d, J=53.3Hz), 7.23-7.96 (total 5H, series of m), 
8.09-8.27 (3H, m), 8.67 (1H, d, J=5.6Hz), 9.32 (1H, d, J=8.8Hz), 10.83 (1H, s), 12.05 (1H, br s, C0 2 H) . 
MS (ESI) m/z 581 (M + +1); 

Anal. Calcd for CaoH^ClFr^Og 0.75H 2 O: C, 60.61 ; H, 5.34; N t 9.42; CI, 5.96; F, 3.20. 
Found: C, 60.50; H, 5.31; N, 9.24; CI, 6.09; F, 2.95. 



[1144] 




[1146] 
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4-((1-((5-Chloro-2-fluoro-4-(1-me%^ 
1-piperazinylacetic acid: 

(Step 1) Synthesis of methyl 4-((1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)- 
fluoro-(25)- pyrrolidinyl)carbonyl)-1 -piperazinylacetate 



[1149] In DMF (1 0 ml) were dissolved (5-chloro-2-fluoro-4-(1 -methyl-3-indolylcart>onylamino)phenyl)acetic acid (300 
mg, 0.832 mmol) and methyl 4-(( (4S)-fluoro-(2S)-pyrrolidinyl)carbonyl)-1 -piperazinylacetate (300 mg, 1.10 mmol). To 
the resulting solution were added EDC HCI (239 mg, 1.25 mmol), DMAP (cat.), and HOBt (catalytic amount). The 
resulting mixture was stirred at room temperature for 12 hours. To the reaction mixture was added water (100 ml), 
followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous magne- 
sium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography 
on a silica gel column, whereby from chloroform-methanol (20:1) eluate fractions, methyl 4-((1-((5-chloro-2-fluoro- 
4-(1-methyl-3-indolylcarbonylamino)phenyl)acetylM^ (419 
mg, 82%) was obtained as a colorless foam. 

1 H-NMR (CDCI 3 ) 5: 2.04-2.62 (series of m, 6H), 3.23-4.14 (series of m, 16H), 4.76-5.39 (m, 2H), 7.32-7.52 (m, 4H), 

7.79 (s, 1H), 8.12 (dd, J=9.3,5.1Hz, 1H), 8.29 (s, 1H), 8.47-8.51 (m, 1H). 

MS(ESI)m/z616(M++1). 

(Step 2) Synthesis of 4-((1 -((5-Chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinyl)carbonyl)-1 -piperazinylacetic acid 



[1151] To methyl 4-((1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)-fluoro- (2S)-pyr- 
rolidinyl)carbonyl)-1 -piperazinylacetate (41 0 mg, 0.666 mmol) were added THF (1 0 ml) and 0.25N NaOH (5.3 ml, 1 ,33 
mmol). The resulting mixture was stirred at room temperature for 15 hours. Water (50 ml) was added to the reaction 
mixture and the aqueous.solution was neutralized with 1 N HCI, followed by extraction with a 20% chloroform-methanol 
mixture (2 x 100 ml). The extract was dried over anhydrous magnesium sulfate and distilled under reduced pressure 
to remove the solvent, whereby the title compound (240 mg, 60%) was obtained as a colorless amorphous substance. 
1 H-NMR (DMSO) 5: 2.00-4.11 (series of m, 19H), 4.92 and 5.21 (d, J=9.8Hz, each, total 1H), 5.31 and 5.45 (m, each, 
total 1H), 7.20-7.30 (m, 2H), 7.41 and 7.52 (d, J=7.8Hz, each, total 1H), 7.56 (d, J=8.3Hz, 1H) , 7.72 (d, J=1 1.0Hz, 
1H), 8.16 (d, J=7.8Hz, 1H) , 8.31 (s, 1H) , 9.31 (s, 1H). 
MS (ESI) m/z 602 (M++1) 

Anal. Calcd for C^H^C^NsOs 3.75 H 2 0; C, 52.02; H, 5.64; N, 10.46. 
Found: C, 51 .59; H, 5.25; N, 10.13. 



[1148] 
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trans^-(1-((2-(2-Ch1orophenylamino)^ 
cyclohexanecarboxylic acid: 

(Step 1 ) Synthesis of methyl trans-4-(1 -((2-(2-ch!orophenylamino)-7-f luoro-6-benzoxazolyl)acetyl)-(4S)-methoxy-(2S)- 
pyrrolidinylmethoxyjcyclohexanecarboxylate 



[1153] In DMF (3 ml), (2-(2-chlorophenylamino)-7-fluoro-6-benzoxazolyl)acetic acid (100 mg, 0.369 mmol), methyl 
trans-4-((4S)-methoxy-(2S)«pyrrolidinylmethoxy)cyclohexanecarboxylate (118 mg, 0.369 mmol), EDC HCI (106 mg, 
0.554 mmol), HOBt (75 mg, 0.554 mmol) and triethylamine (0.26 ml, 1 .85 mmol) were stirred at room temperature for 
14 hours. The reaction mixture was poured in ice water, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography using a silica gel thin-layer plate, whereby from chloroform/ 
acetone (1 0/1 , v/v) eluate fractions, methyl trans-4-(1 -((2-(2-chlorophenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)- 
methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (151 mg, 71%) was obtained as a colorless oil. 
1 H-NMR (CDCI 3 ) 5: 1.14-1.68 (m, 4H), 1.92-2.36 (m, 6H), 3.21-3.29 (m, 1H), 3.30 and 3.33 (each s, total 3H, amide 
isomers), 3.45-3.61 (m, 2H), 3.64 and 3.67 (each s, total 3H, amide isomers), 3.71 (s, 1 H), 3.74-4.06 (m, 5H), 4.21 -4.37 
(m, 1H), 7.04 (t, J=7.6Hz, 1H), 7.14 (t, J=7.1Hz, 1H), 7.24 (d, J=6.6Hz, 1H), 7.36 and 7.41 (each d, J=7.8 and 8.1Hz 
respectively, total 2H, amide isomers), 7.58 and 7.65 (m and br, total 1H, amide isomers), 8.52 (d, J=8.3Hz, 1H). 
MS (ESI) m/z 574 (M++1) , 576 (M++3). 

(Step 2) Synthesis of trans-4-(1 -((2-(2-chlorophenylamino)-7-fluoro-6-benzoxazolyl) acetyl)-(4S)-methoxy-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1155] Methyl trans-4-(1-((2-(2-chlorophenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-methoxy-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (151 mg, 0.263 mmol) was dissolved in a THF/methanol (2:1 , 6 ml) mixture. To the 
resulting solution was added 1N NaOH (2 ml) and the mixture was stirred at room temperature for 18 hours. The 
reaction mixture was distilled under reduced pressure to remove the solvent. The residue was acidified with 1 N HCI. 
The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 
reduced pressure. The resulting crude crystals were purified by chromatography using a silica gel thin-layer plate. The 
chloroform/methanol (20/1 ) fractions were collected and solidified with chloroform/methanol/ethyl acetate/n-hexane, 
whereby the title compound (80 mg, 54%) was obtained as a colorless solid. 
IR (ATR) v 3406, 2937, 2864, 1697, 1639, 1593, 1572, 1446 cm- 1 ; 

1 H-NNR (DMSO) 8: 1 .1 1 -1 .41 (m, 4H), 1 .82-2.21 (m, 7H), 3.1 9 (m, 1 H), 3.22 and 3.25 (each s, total 3H, amide isomers), 
3.28-4.31 (m, 8H), 7.03 and 7.06 (each t, each J=7.8Hz, total 1H, amide isomers), 7.15 (dd, J=7.8, 3.2Hz, 1H), 7.21 
(dd,J=7.8, 1.0Hz, 1H), 7.42 (dt, J=6.6, 1.0Hz, 1H), 7.54 (dd, J=8.1, 1.0Hz, 1H),8.05 (d, J=7.6Hz, 1H). 
MS (ESI) m/z 560 (M + +1), 562 (M + +3); 

Anal. CalcdforC 2 8H 31 CIFN30 6 0.5H 2 O: C, 59.10; H, 5.67; N, 7.38. 
Found: C, 59.10; H, 5.65; N, 7.20. 



[1152] 
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Example 115 

trans-4-(1 -((5-Chloro-2-fluoro-4-(1 -methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4R)-methoxy- (2S)- 
pyrrolidinylmethoxy) cyclohexanecarboxylic acid: 

(Step 1 ) Synthesis of trans-4-(1 -(tert-butoxycarbonyl)-(4R)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecart)oxy 
acid 

[1156] 



MsO 




[1157] Methyl iodide (436 1 , 7.00 mmol) and trans-4-(1-(tert-butoxycarbonyl) - (4R)-methoxy-(2S)-pyrrolidinylmeth- 
oxy)cyclohexanecarboxylic acid (500 mg, 1 .40 mmol were dissolved in DMF (10 ml). Under stirring at 0°C, sodium 
hydride (112 mg, 2.80 mmol) was added to the resulting solution in portions. After stirring at the same temperature for 
3 hours, the reaction mixture was added with water (50 ml), followed by extraction with ethyl acetate (200 ml). The 
extract was washed with saturated brine (2 x 100 ml), dried over anhydrous magnesium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from chloroform-ethyl acetate (10:1) eluate fractions, methyl trans-4-(1- (tert-butoxycarbonyl)-(4R)-methoxy-(2S)-pyr- 
rolidinylmethoxy)cyclohexanecarboxylate (441 mg, 85%) was obtained as a colorless oil. 
1 H-NMR (CDCI 3 ) 6: 1.24 (m, 2H), 1.46 (m, 11H), 2.01-2.26 (series of m, 7H), 3.19-4.11 (series of m, 13H). 
MS (ESI)m/z372 (M + +1). 

(Step 2) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4R)- 
methoxy- (2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[1158] 



QMe 

o ' , "0~ co,Me 

Ml 

[1 1 59] To methyl trans-4-(1 -(tert-butoxycaitonyl)-(4R)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
(440 mg, 1.18 mmol) were added dioxane (10 ml) and a 4N HCI/dioxane (10 ml) mixture. The resulting mixture was 
stirred at room temperature for 15 hours. The reaction mixture was distilled under reduced pressure to remove the 
solvent. The resulting solid was dissolved in DMF (10 ml) and triethylamine (821 5.90 mmol) . To the resulting 
solution were added (5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonylamino)phenyl)acetic acid (426 mg, 1.18 mmol), 
EDC HCI (304 mg, 1 .77 mmol), and HOBt (239 mg, 1 .77 mmol). The resulting mixture was stirred at room temperature 
for 1 5 hours. To the reaction mixture were added ethyl acetate (1 00 ml) and H 2 0 (1 00 ml) to separate the ethyl acetate 
layer. The ethyl acetate layer was washed with saturated brine (2 x 100 ml), dried over anhydrous magnesium sulfate, 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from chloroform-ethyl acetate (2:1) eluate fractions, methyl trans-4-(1-((5-chloro-2-fluoro-4- 
(1-methyl-3 : indolylcarbonylamino)phenyl)acetyl)-(4R)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarb 
(401 mg, 55%) was obtained as a colorless foam. 

1 H-NMR (CDCI3) 6: 1.08-1.28 (m, 2H), 1.31-1.59 (m, 2H), 1.93-2.28 (series of m, 7H), 3.10-4.33 (series of m, 18H), 
7.34-7.44 (m, 4H), 7.82 (m, 1H), 8.14 (m, 1H), 8.30 (s, 1H), 8.48-8.53 (m, 1H). 
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(Step 3) Synthesis of trans4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indo^ 
methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1160] 



5 



10 




[1161] Methyl trans4-(1-((5-chloro-2-fiuoro^-(1-mett 

15 pyrrolidinylmethoxy)cyclohexanecarboxy!ate (400 mg, 0.651 mmol) was dissolved in THF (5 ml). To the resulting so- 
lution was added 0.25N NaOH (5.2 ml, 1 .30 mmol) and the mixture was stirred for 15 hours. The reaction mixture was 
poured in 1 N HCI (100 ml), followed by extraction with a chloroform-methanol (5:1 , 2 x 100 ml) mixture. The extract 
was dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove, the solvent. To the 
residue were added ethyl acetate and isopropyl ether to crystallize the residue. The crystals thus precipitated were 

20 collected by filtration under reduced pressure and dried under reduced pressure to give the title compound (247 mg, 
63%) as a colorless amorphous substance. 

1 H-NMR (DMSO-d 6 ) 8: 1 .09-1 .40 (series of m,4H), 1.83-2.18 (series of m, 7H), 3.19-4.30 (series of m, 15H) t 7.19-7.29 
(m, 2H), 7.41-7.45 (m, 1H), 7.55 (d, J=7.8Hz, 1H), 7.67-7.71 (m, 1H), 8.14 (d, J=7.8Hz, 1H), 8.29 (s, 1H) , 9.31 (s, 1H) . 
MS (ESI) m/z 600 (M + +1); 
25 Anal. Calcd for C 31 H 35 CIFN 3 O 6 '0.5H 2 O: C, 61 .13; H, 5:96; N, 6.90. 
Found: C, 61.10; H, 6.06; N, 6.64. 



30 trans-4-(1-((5-Chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)-methoxy-(2S)- 
pyrrolidinylmethoxyjcyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-tert-butoxycarbonyl-(4S)-methoxy-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 

35 



[1163] Methyl trans-4-(1-tert-butoxycarbonyl-(4S)-hydroxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (600 
45 mg, 1 .68 mmol) was dissolved in DMF (12 ml). To the resulting solution were added sodium hydride (60& in oil) (134 

mg, 3.36 mmol) and methyl iodide (0.21 ml, 3.36 mmol) under stirring at 0°C in a nitrogen gas stream. After stirring at 

room temperature for 1 4 hours, the reaction mixture was poured in ice water, followed by extraction with ethyl acetate. 

The extract was washed with ice water and saturated brine, dried over anhydrous sodium sulfate, and distilled under 

reduced pressure to remove the solvent. The residue was purified by flash column chromatography on a silica gel 
so (Biotage flush-chromatography systems, KP-SIL 32-63 nm, 60A, n-hexane/ethyl acetate (4/1)) to give methyl trans- 

4-(1-tert-butoxycarbonyl-(4S)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (50 mg, 8%, more polar 

fraction) as a colorless oil. 

1 H-NMR (CDCI 3 ) 5: 1.17-1.31 (m, 2H), 1.39-1.52 (m, 10H), 1.57 (s, 2H), 1.95-2.12 (m, 4H), 2.19 (d, J=13.4Hz, 1H), 
2.26 (t, J=1 1.2Hz, 1H), 3.23 (m, 1H), 3.30 (s, 3H), , 3.31-3.63 (m, 3H), , 3.66 (s, 3H), 3.67-3.81 (m, 1H), 3.86-4.03 (m, 



Example 116 



[1162] 



40 




boc 



55 2H) . 



MS (ESI) m/z 372 (M + +1) . 
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(Step 2) Synthesis of methyl trans-4-((4S)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
[1164] 

5 

McO 

H 

10 

[1165] Methyl trans-4-(1-tert-butoxycaroonyl-(4S)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohe^ (50 
mg, 0.135 mmol) was dissolved in methylene chloride (5 ml). To the resulting solution was added trifluoroacetic acid 
(0.5 ml) and the mixture was stirred at room temperature for 1 4 hours. The reaction mixture was distilled under reduced 
pressure to remove the solvent. The residue was basified with 1N NaOH, followed by extraction with methylene chloride. 
15 The extract was washed with saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure 
to remove the solvent to give methyl trans-4-((4S)-methoxy-(2S)-pyrrolidinylmethoxy)cycIohexanecarboxylate (59 g, 
100%) as a yellow oil. 

1 H-NMR (CDCI 3 ) 6: 1 .22-1 .57 (m, 5H), 1 .96-2.20 (m, 5H), 2.32 (m, 2H), 3.33 (s t 3H), 3.34-3.57 (m, 3H) , 3.66 (s, 3H), 
3.67-3.81 (m ( 2H), 3.94 (m, 1H), 4.11 (m, 1H). 
20 MS(ESI)m/z272(M++1). 

(Step 3) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4- (1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)- 
methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

25 [1166] 



OMe 



30 




35 

[1167] In DMF (2 ml), (5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetic acid (49 mg, 0.135 
mmol), methyl trans-4-((4S)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (59 mg, 0.135 mmol), EDC 
HCI (39 mg, 0.203 mmol), HOBt (27 mg, 0.203 mmol) and triethylamine (94 \i\ t 0.675 mmol) were stirred at room 
temperature for 20 hours. The reaction mixture was poured in ice water, followed by extraction with ethyl acetate. The 
40 extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography using a silica gel thin-layer plate, whereby from 
chloroform/acetone (10/1) eluate fractions, methyl trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino) 
phenyl)acetyl)-(4S)-methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (11 7mg, 1 00%) was obtained as a yel- 
low oil. 

45 1H-NMR (CDCI3) 5: 1 .25 (m, 2H), 1 .46 (m, 2H), 1 .94-2.14 (m, 5H)., 2.19-2.14 (m, 5H), 2.19-2.33 (m, 2H), 3.25 (m, 1 H), 
3.30 and 3.33 (each s, total 3H, amide isomers), 3.46-3.61 (m, 3H), 3.64 and 3.66 (each s, total 3H, amide isomers), 
3.67-3.86 (m ,3H), 3.88 (s, 3H), 3.95 and 4.00 (each m, total 1H, amide isomers), 4.21 and (q and m, J=7.1Hz, total 
1H, amide isomers), 7.30-7.46 (m, 4H), 7.80 (s, 1H), 8.14 (d, J=5.6Hz, 1H), 8.29 (s, 1H), 8.48 and 8.51 (each d, J=9.3 
and 9.5Hz respectively, total 1H). 

so MS (ESI) m/z 614 (M + +1), 616 (M++3). 



55 
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(Step 4) Synthesis of trans-4-(1 -((5K:hloro-2-fluoro^-(1-methyl^-indolylcarbonylamino)phenyl)acetyl)-(4S)- 
methoxy-(2S)-pyrro!idinylmethoxy)cyclohexanecarboxylic acid 



[1168] 



5 



10 




[1169] To methyl trans-4-(1-((5^hloro-2-fluoro-4-(1-me^ 

15 oxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (117 mg, 0.135 mmol) were added THF/methanol (2:1, 6 ml) 
and 1N NaOH (2 ml). The resulting mixture was stirred at room temperature for 16 hours. The reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was acidified with 1N HCI. The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure 
to give the title compound (78 mg, 96% (3 steps)) as a colorless solid. 

20 |R (ATR) v 3423, 2937, 1701, 1664, 1626, 1587, 1522, 1402 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1 .12-1 .42 (m, 4H), 1 .82-2.1 9 (m, 7H), 3.23 and 3.26 (each s, total 3H, amide isomers), 3.44-3.83 
(m, 5H), 3.89 (s, 3H), 3.94 and 4.25 (m and q, J=5.8Hz, total 1 H, amid isomers), 4.03 (br, 1 H), , 7.22 (t, J=7.3 hz, 1 H), 
7.27 (t, J=6.8Hz, 1 H), 7.42 and 7.45 (each d, each J=7.6Hz, total 1 H, amide isomers), 7.65 (d, J=8.1 Hz, 1 H), 7.68 and 
7.70 (d, J=11.2 and 11.0Hz respectively, total 1H, amide isomers), 8.15 (d, J=7.8Hz, 1H), 8.31 (d, J=2.2Hz, 1H), 9.31 

25 (s, 1H). 

MS (ESI) m/z 600 (M++1), 602 (M++3); 

Anal. Calcd for C 31 H3 5 CIFN 3 0 6 0.8H 2 O: C, 60.59; H, 6.00; N, 6.84. 
Found: C, 60.60; H, 5.97; N, 6.74. 

30 Example 117 

trans-4-((4S)-Allyloxy-1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcamonylamino)phenyl)acetyl)-(2S) 
pyrrolidinylmethoxyjcyclohexanecarboxylic acid: 

35 (Step 1 ) Synthesis of ethyl trans-4-((4S)-allyloxy-1 -(tert-butoxycarbonyl)-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 



[1171] Ethyl trans-4-(1-(tert-butoxycarbonyl)-(4S)-hydroxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (810 
mg, 2.18 mmol) was dissolved in DMF (15 ml). Under stirring at 0°C, allyl bromide (0.378 ml, 4.36 mmol) and sodium 
hydride (60% in oil, 175 mg, 4.37 mmol) were added to the resulting solution in portions. After the reaction mixture 

so was stirred at room temperature for 2.5 hours, allyl bromide (0.1 89 ml, 2.1 8 mmol) and sodium hydride (60% in oil, 88 
mg, 2.18 mmol) were added further thereto. The resulting mixture was stirred at room temperature for 2 hours. The 
reaction mixture was poured in ice water and then, acidified with 1 N HCI. The reaction mixture was extracted with ethyl 
acetate. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 

55 from n-hexane/ethyl acetate (2:1 , v/v) eluate fractions, ethyl trans-4-((4S)-atlyloxy-1-(tert-butoxycartoonyl) - (2S)-pyr- 
rolidinylmethoxy)cyclohexanecarboxylate (626 mg, 70%) was obtained as a pale yellow oil. 



[1170] 



40 



45 




MS(ESI)m/z412(M + +1). 
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(Step 2) Synthesis of ethyl trans-4-((4S)-allyloxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
[1172] 



10 




[1 1 73J Ethyl trans-4-(4S)-allyloxy-1 -(tert-butoxycarbonyl)-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (308 
mg, 0.75 mmol) was dissolved in methylene chloride (5 ml). To the resulting solution was added trifluoroacetic acid (1 
ml) and the resulting mixture was stirred at room temperature for 2 hours. The reaction mixture was distilled under 

*5 reduced pressure to remove the solvent. 

[1174] Tne residue was neutralized with a saturated aqueous solution of sodium bicarbonate. The mixture was ex- 
tracted with a chloroform-methanol (5:1 , v/v) mixture. The extract was washed with saturated brine, dried over anhy- 
drous magnesium sulfate, and distilled under reduced pressure to remove the solvent to give ethyl trans-4-((4S)-ally- 
loxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (230 mg, 99%) as a pale yellow oil. 

20 1H-NMR (CDCI 3 ) 5: 1 .24 (m, total 4H), 1 .45 (q, J=11 .6Hz, 2H), 1 .55 (m, 1 H), 1 .85-1 .58 (series of m, total 4H), 2.25 (m, 
2H), 2.92 and 2.95 (dd, J=5.2, 2.8Hz, each, total 1H), 3.06-3.09 (m, 1H), 3.62 (m, 2H), 3.51 (m, 2H), 4.93 (m, 2H), 
4.06 (m, 1H), 4.10 (q, J=7.2Hz, 2H), 4.46 (m, 1H), 5.15 (m, 1H), 5.25 (m, 2H), 5.88 (m, 1H). 
MS (LC-MS) m/z312(M++1). 

25 (Step 3) Synthesis of ethyl trans-4-((4S)-allyloxy-1 -((5-chloro-2-fluoro-4-(1 -methyl-3-indolylcarbonylamino)phenyl) 
acetyl)-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[1175] 

30 



[1176] Ethyl trans-4- ((4S)-allyloxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (202 mg, 0.65 mmol) and 
(5-chloro-2-fluoro-4-(1 -methyl-3-indolylcarbonylamino)phenyl)acetic acid (234 mg, 0.65 mmol) were dissolved in DMF 
(7 ml). To the resulting solution were added EDC HCI (1 88 mg, 0.98 mmol), HOBt (2.5 mg, 0.02 mmol) and DMAP (2.5 

40 mg, 0.02 mmol), and the resulting mixture was stirred at room temperature for 14 hours. Water was added to the 
reaction mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over 
anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from chloroform-methanol (20:1 , v/v) eluate fractions, ethyl trans- 
4-((4S)-alryloxy-1-((5-chloro-2-fluoro^ 

« clohexanecarboxylate (358 mg, 84%) was obtained as a yellow oil. 
IR(ATR)v 1724, 1643, 1514 cm- 1 ; 

1 H-NMR (CDCI3) 5: 1 .24 (m, 3H), 1 .26 (m, 2H), 1 .46 (m, 2H), 1 .96-2.1 0 (series of m, total 4H), 2.26 (m, 2H), 3.24 (m, 
1H), 3.50-3.59 (series of m, total 3H), 3.72 (m, 2H), 3.82 (m, 1H), 3.89 (s, 3H), 3.96 (d, J=5.2Hz, 1H), 4.04 (m, 1H), 
4.10 (m, 3H), 4.24 (m, 1H), 4.56 (m, 1H), 5.20 (m, 1H), 5.28 (m, 1H), 5.88 (m, 1H), 7.35 (m, 2H), 7.41 (m, 2H), 7.81 
so (d, J=2.0Hz, 1H), 8.13 (m, 1H), 8.30 (m, 1H), 8.50 (dd, J=12.4, 9.6Hz, 1H). 
MS(ESI)m/z655(M + +1); 

Anal. Calcd for C 35 H 41 CIFN 3 0 6 0.25 H 2 0: C, 63.82; H, 6.35; N, 6.38. 
Found: C, 63.86; H, 6.32; N, 6.23. 
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(Step 4) Synthesis of trans^-((4S)-allyloxy-1-((5-chloro-2-fluoro-4- (1-methyl-3-indolylcarbonylamino)phenyl) acetyl) 
-(2S)-pyrrolidiny!methoxy)cycIohexanecarboxylic acid 

[1177] 

5 



10 




[1178] Ethyl trans-4- ((45) -allyloxy-1-((5-chloro-2-fluoro-4-(1-methyl-3-indoVlcarbonylamino)phenyl)acetyl)-(2S)- 
is pyrrolidinylmethoxy)cyclohexanecarboxylate (244 mg t 0.37 mmol) was dissolved in THF (3.5 ml). To the resulting so- 
lution was added 0.25N NaOH (3.5 ml), followed by stirring at 50°C for 5 hours. After cooling to room temperature, the 
reaction mixture was concentrated under reduced pressure. The concentrate was neutralized with 1 N HCI followed by 
extraction with a chloroform-methanol (5:1, v/v) mixture. The extract was washed with saturated brine, dried over 
anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
20 by chromatography on silica gel column, whereby from chloroform-methanol (10:1, v/v) eluate fractions, the title com- 
pound (145 mg, 63%) was obtained as a white solid. 
IR(KBr)v2935, 1724, 1616, 1513 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.60 (m, 2H), 1.31 (in, 2H). 1.83-1.99 (series of m, total 4H), 2.09 (m, 2H), 3.14 (m, 1H), 3.23 
(m, 1H), 3.35-3.79 (series of m, total 5H), , 3.85 (s, 3H), 3.88-3.96 (series of m, total 3H), 4.02-4.13 (series of m, total 
25 2H). 5.13 (m, 1H), 5.23 (m, 1H), 5.87 (m, 1H), 7.20 (t, J=7.2Hz, 1H), 7.26 (t, J=7.2Hz, 1H), 7.40 (t, J=8.0Hz, 1H), 7.53 
(d, J=B.0Hz/ 1H), 7.67 and 7.68 (d, J=10.8Hz, total 1H), 8.12 (d, J=8.0Hz, 1H), 8.24 (d, J=6.0Hz, 1H), 9.29 (s, 1H) . 
MS (ESI)m/z27 (M + +1); 

Anal. Calcd for C^h^CIFNaOg 0.5 H 2 0: C, 62.41 ; H, 6.03; N, 6.62. 
Found: C, 62.33; H, 5.96; N, 6.46. 

30 

Example 118 

trans-4-(1-((5-Chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl) acetyl) - (4S) -propoxy- (2S)- 
pyrrolidiny!methoxy)cyclohexanecarboxylic acid: 

35 

(Step 1) Synthesis of ethyl trans-4-((4S)-propoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecariDoxylate 
[1179] 

40 




45 

[1 1 80] Ethyl trans-4-(1 -(tert-butoxycarbonyl)-(4S)-allyloxy-(2S)-pyrrolidiny!methoxy)cyclohexanecarboxylate (31 8 
mg, 0.77 mmol) was dissolved in ethanol (8 ml). To the resulting solution was added 5% palladium-carbon (50 mg). 
The resulting mixture was subjected to catalytic hydrogenation at room temperature for 48 hours under a hydrogen 

50 gas of 1 atm. After removal of the catalyst from the reaction mixture by filtration, the filtrate was distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from n- 
hexane-ethyl acetate (4:1 , v/v) eluate fractions, an oil (275 mg) was obtained. The resulting oil was dissolved in meth- 
ylene chloride (7 ml). Trifluoroacetic acid (2 ml) was added to the resulting solution and the mixture was stirred at room 
temperature for 2 hours. The reaction mixture was distilled under reduced pressure to remove the solvent. The residue 

55 was neutralized with a saturated aqueous solution of sodium bicarbonate, followed by extraction with chloroform-meth- 
anol (10:1 , v/v). The extract was washed with saturated brine, dried over anhydrous magnesium sulfate, and distilled 
under reduced pressure to remove the solvent to afford ethyl trans-4-((4S)-propoxy-(2S)-pyrrolidinylmethoxy)cyclohex- 
anecarboxylate (208 mg, 86%) as a yellow oil. 
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1 H-NMR (CDCI 3 ) 8: 0.91 (t, J=7.2Hz, 3H) , 1 .24 (t, J=7.2Hz, 3H), 1 .27 (m, 2H), 1 .38-1 .66 (series of m, total 6H), 1 .99 
(m, 3H), 2.07 (m, 2H), 2.24 (m, 1H), 2.89 and 2.92 (d, J=5.6Hz, each, total 1 H), 3.02 and 3.05 (d, J=2.4Hz, each, total • 
1H), 3.24 (m, 2H), 3.32 (dt, J=6.8, 1.2Hz, 2H), 3.49 (m, 2H), 3,98 (m, 1H), 4.11 (q, J=7.2Hz, 2H). 
MS(ESI)m/z314(M++1). 

(Step 2) Synthesis of ethyl trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)- 
propoxy- (2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[1181] 



15 




[11 82] In DMF (7 ml) were dissolved (5-chloro-2-fluoro-4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetic acid (238 
20 mg, 0.66 mmol) and ethyl trans-4-((4S)-propoxy-(2S)-pyrrolidinylmethoxy)cycIohexanecarboxylate (208 mg, 0.66 
mmol). To the resulting solution were added EDC HCI (190 mg, 0.99 mmol), HOBt (5 mg, 0.04 mmol), and DMAP (5 
mg, 0.04 mmol). The resulting mixture was stirred at room temperature for 1 4 hours. Water was added to the reaction 
mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous 
magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chroma- 
25 tography on a silica gel column, whereby from chloroform-methanol (20:1 , v/v) el u ate fractions, ethyl trans-4-(1 -((5-chlo- 
ro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phe 
carboxylate (424 mg, 98%) was obtained as a white crystalline powder. 
IR (ATR) 2935, 1726, 1647, 1514 cm' 1 ; 

1 H-NMR (CDCI3) 8: 0.93 (m, 3H) , 1 .25 (m, 4H), 1 .46 (m, 2H), 1 .58 (m, 2H), 1 .97-2.06 (series of m, total 6H), 2.24 (m, 
30 2H), 3.24 (m, 1 H), 3.35 (m, 2H), 3.43 (m, 1 H), 3.49-3.59 (series of m, total 3H), 3.72 (m, 1 H), 3.86 (m, 1 H), 3.89 and 
3.90 (series of s, total 3H), 4.02 (m, 1H), 4.11 (m, 2H), 4.26 (m, 1H), 7.35 (m, 2H), 7.41 (m, 2H), 7.81 (m, 1H), 8.14 
(m, 1 H), 8.30 (br s, 1 H), 8.50 (m, 1 H). 
Anal. Calcd for CasH^CIFNaCV C, 64.06; H, 6.61; N, 6.40. 
Found: C, 63.92; H, 6.70; N, 76.24. 

35 

(Step 3) trans-4-(1 -((5-Chloro-2-f luoro-4-(1 -methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)-propoxy-(2S)- \ 
pyrrolidlnylmethoxy)cyclohexanecarboxyllc acid 

[1183] < 



45 




[1184] Ethyl trans-4-(1-(5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenylacetyl) - (4S) -propoxy- (2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate(411 mg, 0.63 mmol) was dissolved inTHF (5 ml). To the resulting solution 

50 was added 0.25N NaOH (5 ml). The resulting mixture was stirred at room temperature for 14 hours. The reaction 
mixture was concentrated under reduced pressure and acidified with 1 N HCI, followed by extraction with chloroform- 
methanol (5:1 , v/v). The extract was dried over anhydrous magnesium sulfate, and the solvent was distilled off under 
reduced pressure. The residue was purified by chromatography on a silica gel column, whereby from chloroform- 
methanol (20:1 , v/v) eluate fractions, the title compound (253 mg, 64%) was obtained as a white solid. 

55 |R (ATR) 2935, 1724, 1616, 1513 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 0.84 (m, 3H), 1.15 (m, 2H) 1.30 (m, 2H), 1.47 (m, 3H), 1.85-1.98 (m, 4H), 2.02 (m, 1H), 2.11 
(m, 1H), 3.12 (m, 1H), 3.23 (m, 2H), 3.35 (m, 3H), 3.44-3.52 (m, 2H), 3.84 (s, 3H), 4.00 (m, 3H), 4.20 (m, 1H), 7.20 
(dt, J=7.6, 2.2Hz, 1H), 7.25 (dt, J=7.7, 2.2Hz, 1H), 7.39 (dt, J=8.0, 3.4Hz, 1H), 7.52 (dd, J=8.0, 2.2Hz, 1H), 7.66 (ddd, 



272 



EP 1 346 982 A1 

J=11.0, 6.6, 3.4Hz, 1H),8.11 (dd, J=7.8. 2.2Hz, 1H),8.82(m, 1H),9.29 (s, 1H). 
MS(ESI)m/z629(M + +1); 

Anal. Calcd for CaaH^CIF^Oe 0.75H 2 O: C, 61 .77; H, 6.36; N, 6.55. 
Found: C, 61.73; H, 6.18; N, 6.42. 

5 

Example 119 

trans^-(1 -((5-Chloro-2-fluoro^-(1 -me 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

10 

(Step 1) Synthesis of methyl trans-4-(1-tert-butoxycarbonyl-(4S)-cyclohexyloxy-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 

[1185] 



20 




[1186] In methanol/HCI (40/1, 20.5 ml), methyl 4-((4S)-phenoxy-(2S)-pyrrolidinylmethoxy)benzoate (560 mg, 1.71 
mmol) and rhodium-alumina (1 .30 g) were subjected to catalytic hydrogenation at room temperature under 4 kg/cm 2 
25 of hydrogen atmosphere for 4 days. From the reaction mixture, the catalyst was filtered off. The filtrate was distilled 
under reduced pressure to remove the solvent to give methyl 4-((4S)-cyclohexyloxy-(2S)-pyrrolidinylmethoxy) cy- 
clohexanecarboxylate hydrochloride as a solid. The resulting. compound was provided for the subsequent reaction 
without further purification. 

[1187] In 1 ,4-dioxane/water (1:1 , 20 ml), di-tert-butyl dicarbonate (448 mg, 2.15 mmol) was added to methyl 4-((4S)- 
30 cyclohexyloxy-(2S)-pyrrolidinylmethoxy) cyclohexanecarboxylate hydrochloride (1 .71 mmol) and sodium bicarbonate 
(862 mg, 1 0.3 mmol) and the resulting mixture was stirred at room temperature for 1 8 hours. The reaction mixture was 
extracted with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from n-hexane/ethyl acetate (2/1) eluate fractions, methyl 4-(1-tert-butoxycarbonyl-(4S)-cyclohexy- 
35 loxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (642 mg, 85%) was obtained as a colorless oil. 

[1 1 88] The methyl 4-(1 -tert-butoxycaitonyl-(4S)-cyclohexyloxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarooxylate 
(642 mg, 1 .46 mmol) thus obtained was dissolved in methanol. To the resulting solution was added sodium methoxide 
(789 mg, 14.6 mmol) and the mixture was heated under reflux for 19 hours. After cooling to room temperature, the 
reaction mixture was distilled under reduced pressure to remove the solvent. The residue was acidified with 1N HCI, 
40 followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium 
sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on 
a silica gel column, whereby from n-hexane/ethyl acetate (20/1 , v/v) eluate fractions, the target methyl trans-4-(1-tert- 
butoxycarbonyl-(4S)-cyclohexyloxy-(2S)-pyrrolidinyImethoxy)cyclohexanecarboxylate (90 mg, 1 4% (3 steps)) was ob- 
tained as a colorless oil. 

45 [1189] in addition, a cis-isomer (90 mg, 14% (3 steps); non-polar fraction) as a colorless oil and a mixture (30 mg) 
of both isomers were obtained. 

Trans-isomer : 1 H-NMR (CDCI 3 ) 6: 1.16-1.31 (m, 8H), 1.42 (s, 9H), 1.63-2.31 (m, 14H), 3.21-3.33 (m, 3H), 3.42-3.63 
(m, 2H), 3.66 (s, 3H), 3.71-4.00 (m, 1H), 4.11(m, 1H); MS (ESI) m/z 440 (M + +1). 

Cis-isomer: 1 H-NMR (CDCI 3 ) 5: 1.19-1.32 (m, 8H), 1.45 (s, 9H), 1.57-2.18 (m, 13H), 2.34 (br, 1H), 3.22-3.99 (m, 1H), 
so 4.13 (m,1H); 

MS (ESI) m/z 440 (M + +1). 
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(Step 2) Synthesis of methyl trans-4-((4S)K:yclohexyioxy-(2S)-pyrrolidinylrnethoxy)cyclohexanecarboxyIate 



[1190] 




w 

[1191] Methyl trans-4- (1 -tert-butoxycarbonyl- (4S)-cyc!ohexyloxy-(2S)-pyrrolldinylmethoxy)cyclohexanecarboxy- 
late (90 mg, 0.205 mmol) was dissolved in methylene chloride (1 0 ml). To the resulting solution was added trif luoroacetic 
acid (1 ml) and the mixture was stirred at room temperature for 19 hours. The reaction mixture was distilled under 
reduced pressure to remove the solvent. The residue was basified with methylene chloride and 1 N NaOH, followed by 
15 extraction with methylene chloride. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, 
and distilled under reduced pressure to remove the solvent whereby methyl trans-4-((4S)-cyclohexy!oxy-(2S)-pyrro- 
lidinylmethoxy)cyclohexanecarboxylate (16 mg, 23%) was obtained as a yellow oil. The resulting compound was pro- 
vided for subsequent reaction without further purification. 

1 H-NMR (CDCI 3 ) 5: 1 .14-1 .38 (m, 7H) f 1 .41-1 .63 (m, 4k), , 1 .86 (s, 2H), 1 .99-2.21 (m, 5H), 2.22-2.36 (m, 1 H), 2.43 (m, 
20 2H), 2.92-3.07 (m, 2H), 3.44-3.56 (m, 2H), 3.66 (s, 3H), 4.1 5 (m, 1 H). 
MS (ESI) m/z 340 (M++1) . 

(Step 3) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)- 
cyclohexyloxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

25 

[1192] 



30 



35 




[1193] In DMF(1 ml),(5-chloro-2-fluoro-4-((1-methyl-3-indolylcaroonyl)amino)phenyl)aceticacid(17mg,47.1 u.mol), 
methyl trans-4-((4S)-cyclohexyloxy-(2S)-pyrrolidinylmethoxy) cyclohexanecarboxylate (16 mg, 47.1 ^mol), EDC HCI 
(1 3.5 mg, 70.7 jimol), HOBt (9.6 mg, 70.0 u.mol) and triethylamine (32.8 |xl, 236 ^mol) were stirred at room temperature 

40 for 1 7 hours. The reaction mixture was poured in ice water, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography using a silica gel thin-layer plate, whereby from chloroform/ 
acetone (10/1 , v/v) eluate fractions, methyl trans-4-(1-((5-chloro-2-fluoro-4- (1-methyl-3-indotylcarbonylamino)phenyl) 
acetyl)-(4S)-cyclohexyloxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (38 mg, 1 00%) was obtained as a color- 

45 less oil. 

1 H-NMR (CDCI3) 5: 1.19-1 .32 (m, 8H), 1 .38-1 .52 (m, 2H), 1 .72 (m, 2H), 1 .83 (m, 2H), 1 .94-2.31 (m, 6H), 3.20-3.34 (m, 
2H), 3.42-3.59 (m, 3H), 3.64 and 3.66 (each s, total 3H, amide isomers), 3.69-3.76 (m, 2H), 3.80 (dd, J=8.6, 4.9Hz, 
1H), 3.87 (m, 1H), 3.880 and 3.883 (each s, total 3H, amide isomers), 4.18-4.28 (m, 2H), 7.33-7.42 (m, 4H), 7.80 (d, 
J=2.2Hz,1H),8.11-8.14(m,1H),8.27and8.29 (each s, total 1H, amide isomers), 8.47 and 8.50 (each d, each J=10.5Hz, 
so total 1 H, amide isomers). 

MS (ESI) m/z 682 (M + +1), 684 (M + +3). 



55 



274 



EP 1 346 982 A1 



(Step 4) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-(1 -methyl -3-indolyIcarbo ny lam ino)phenyl)acety I)- (4S)- 
cyclohexyloxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxyllc acid 

[1194] 



w 




15 [1195] To methyl trans-4-(1-((5-chloro-2-fluoro-4-(1-me% 

loxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (38 mg, 47.1 u.mol) were added THF/methanol (2:1 , 3 ml) and 
1 N NaOH (1 ml). The resulting mixture was stirred at room temperature for 13 hours. The reaction mixture was distilled 
under reduced pressure to remove the solvent and the residue was acidified with 1 N HCI. The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give the 

20 title compound (34 mg, 1 00%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 6: 1.13-2.22 (m, 14H) , 3.22 (m, 1H), 3.50-3.86 (m, 4H) t 3.89 (s, 3H), 3.99-4.33 (m, 2H), 7.22 (t, 
J=7.1Hz, 1H), 7.42 and 7.45 (each d, each J=7.1H total 1H, amide isomers), 7.56 (d, J=8.3Hz, 1H), 7.68 and 7.70 
(each d, J=11.0 and 10.5Hz respectively, total 1H, amide isomers), 8.15 (d, J=7.8Hz, 1H), 8.30 and 8.31 (each s, total 
1H, amide isomers), 9.31 (s, 1H). 

25 MS (ESI) m/z 669 (M++1 ) , 671 (M++3) . 

Example 120 

trans-4-(1 -((5-Chloro-2-fluoro-4- (1 -methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)- 
30 dimethylcarbamoylmethoxy-(2S)-pyrrolidinylmethoxy)-1 -cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl 4-((4S)-hydroxy-(2S)-pyrrolidinylmethoxy)benzoate hydrochloride 

[1196] 



40 




[1197] To methyl 4-(1-tert-butoxycarbonyl-(4S) -hydroxy- (2S)-pyrrolidinylmethoxy)benzoate (1 .0 g, 2.85 mmol) was 
added 4N HCI-dioxane (1 0 m). The resulting mixture was stirred at room temperature for 15 hours. The reaction mixture 
45 was distilled under reduced pressure to remove the solvent. The resulting residue was crystallized by the addition of 
ether. The crystals thus precipitated were collected by filtration under reduced pressure, and dried under reduced 
pressure to give methyl 4-((4S)-hydroxy-(2S)-pyrrolidinylmethoxy)benzoate hydrochloride (660 mg, 80%) as a color- 
less amorphous substance. 

1 H-NMR (DMSO-d 6 )5: 1.75 (m, 1H), 2.33 (m, 1H), 3.09-3.23 (m, 2H), 3.82 (s, 3H), 4.01 (m, 1H) , 4.34 (m, 2H), 4.43 
so ( m> 1H), 5.56 (d, J=3.4Hz, 1k), 7.09 (d, J=8.8Hz, 2H), 7.95 (d, J=8.8Hz, 2H). 
MS (ESI) m/z 252 (M++1) . 
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(Step 2) Synthesis of methyl 4-(1 -(tert-butoxycarbonyl)-(4S) -hydroxy- (2S)-pyrrolidinylmethoxy)-1-cyclohexane- 
carboxylate 

[1198] 



6oc 



XX, 



CO,Me 



[1199] Methyl 4- ((4S)-hydroxy-(2S)-pyrrolidinylmethoxy)benzoate hydrochloride (660 mg, 2.29 mmol) was dissolved 
in methanol-acetic acid (10:1 , 33 ml). To the resulting solution was added rhodium-alumina (500 mg) and the resulting 
mixture was subjected to catalytic hydrogenation at room temperature for 48 hours under 4 atm. From the reaction 
mixture, the catalyst was filtered off. The filtrate was distilled under reduced pressure to remove the solvent. The 
resulting residue was dissolved in acetonitrile-water (1:1, 50 ml). To the resulting solution were added triethylamine 
(637 uJ, 4.58 mmol) and di-tert-butyl dicarbonate (600 mg, 2.75 mmol). The resulting mixture was stirred at room 
temperature for 1 5 hours. The reaction mixture was extracted with chloroform (2 x 200 ml). The extract was dried over 
anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from chloroform-methanol (20:1 ) eluate fractions, methyl 4-(1 -(tert- 
butoxycarbonyl)-(4S)-hydroxy-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxylate (818 mg, 100%) was obtained as 
a colorless oil. 

1 H-NMR (CDCI 3 ) 5: 1.26-2.36 (series of m, 20 H). 3.34-4.21 (series of m, 8H), 4.81-5.08 (m, 2H). 

(Step 3) Synthesis of methyl 4-((4S)-benzyloxymethoxy-1-(tert-butoxycarbonyl)-(2S)-pyrrolidinylmethoxy)- 
1 -cyclohexanecarboxylate 

[1200] 



BOMO 



0^ 



Boc XXco^e 

[1 201 ] Methyl 4-(1 -(tert-butoxycarbonyl)-(4S)-hydroxy-(2S)-pyrrolidinylmethoxy)-1 -cyclohexanecarboxylate (81 8 
mg, 2.29 mmol) was dissolved in methylene chloride (20 ml). To the resulting solution were added benzyl chloromethyl 
ether (476 uJ, 3.44 mmol) and DIEA (599 u.1, 3.44 mmol) . The resulting mixture was heated under reflux for 15 hours. 
After cooling to room temperature, the reaction mixture was added with water (50 ml), followed by extraction with 
chloroform (200 ml). The extract was dried over anhydrous magnesium sulfate and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform- 
ethyl acetate (1 0:1 ) eluate fractions, methyl 4-((4S)-benzyloxymethoxy-1 -(tert-butoxycarbonyl)- (2S) -pyrrol idinylmeth- 
oxy)-1- cyclohexanecarboxylate (1 .07 g, 98%) as a colorless oil. 
MS (ESI) m/z 478 (M++1) . 

(Step 4) Synthesis of methyl trans-4-((4S)-benzyloxymethoxy-1-(tert-butoxycarbonyl)-(2S)-pyrrolidinylmethoxy)- 
1 -cyclohexanecarboxylate 

[1202] 



BOMO 



Boc ^^cOjMe 



[1203] Methyl 4-((4S)-benzyloxymethoxy-1-(tert-butoxycarbonyl)-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxy- 
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late (1.07 g, 2.24 mmol) was dissolved In methanol (50 ml). To the resulting solution was added sodium methoxide 
(363 mg, 6.72 mmol). The resulting mixture was heated under reflux for 15 hours in a nitrogen gas stream. After cooling 
to room temperature, the reaction mixture was poured in 1 N HCI (100 ml), followed by extraction with chloroform (2 x 
200 ml). The extract was dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the 
solvent to give a mixture (about 1 :1 ) of methyl 1 ,4-cis and trans-cyclohexanecarboxylates. The trans isomer was purified 
by flash column chromatography on silica gel, whereby from hexane-ethyl acetate (4:1) eluate fractions, methyl trans- 
4-((4S)-benzyloxymethoxy-1-(tert-butoxycaro^ (400 mg, 

37%) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 5: 1.26 (m, 2H), 1.45 (m, 11 H), 1.98-2.25 (m, 7H), 3.24-3.96 (series of m, total 9 H), 4.60 (s, 2H), 
4.77 (m, 2H), 7.28-7.38 (m, 5H). 

(Step 5) Synthesis of methyl trans-4-(1-(tert-butoxycarbonyl)-(4S)-hydroxy-(2S)-pyrrolidinylmethoxy)-1-cyclohexane 
carboxylate 



[1 205] Methyl trans-4- (4S)-benzyloxymethoxy-1 -(tert-butoxycarbonyl)-(2S)-pyrrolidinylmethoxy)-1 -cyclohexane- 
carboxylate (390 mg, 0.817 mmol) was dissolved in methanol (50 ml). To the resulting solution was added 5% palladium/ 
carbon (40 mg). The reaction mixture was subjected to catalytic hydrogenation at room temperature for 15 hours. The 
reaction mixture was filtered to remove the catalyst and the filtrate was distilled under reduced pressure to remove the 
solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform -methanol (20: 
1) eluate fractions, methyl trans-4-(1-(tert-butoxycarbonyl)-(4S)-hydroxy-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecar- 
boxylate (281 mg, 96% was obtained as a colorless oil. 

1 H-MMR (CDCI a ) 5: 1 .28 (m, 2H), 1 .46 (m, 11 H), 1 .86-2.36 (series of m, 7H), 3.31 -3.63 (series of m, 4H), 3.66 (s, 3H), 
3.92-4.21 (series of m, 3H), 4.85 and 5.06 (d, J=11.5Hz, each, total 1H). 
MS (ESI)m/z358 (M++1). 

(Step 6) Synthesis of methyl trans-4-(1-(tert-butoxycarbonyl)-(4S)-dimethylcarbamoylmethoxy-(2S)- 
pyrrolidinylmethoxy)-1-cyclohexanecarboxylate 



[1 207] To methyl trans-4-(1 -(tert-butoxycarbonyl)-(4S)-hydroxy-(2S)-pyrrolidinylmethoxy)-1 -cyclohexanecarboxy- 
late (280 mg, 0.780 mmol) were added DMF (10 ml) and N.N-dimethyl bromoacetamide (195 mg, 1.18 mmol). Under 
stirring at 0°C, sodium hydride (62 mg, 1.56 mmol) was added in portions. After the reaction mixture was stirred at 
room temperature for 1 hour, 1N HCI (50 ml) was poured therein, followed by extraction with ethyl acetate (200 ml). 
The extract was washed with saturated brine (2 x 1 00 ml), dried over anhydrous magnesium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from chloroform-ethyl acetate (1:1) eluate fractions, methyl trans-4- (1 - (tert-butoxycarbonyl)- (4S)-dimethylcarbamoyl- 
methoxy-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxylate (247 mg, 72%) was obtained as a colorless oil. 
1 H-NMR (CDCI3) 6: 1.26 (m, 2H), 1.45 (m, 11H), 1.98 (m, 5H), 2.25 (m, 2H), 2.95 (s, 3H), 3.01 (s, 3H), 3.22 (m, 1H), 
3.43 (m, 2H), 3.50-3.96 (series of m, 6H, including s, 3H, at 5: 3.66), 4.12 (m, 3H). 
MS(ESI)m/z443(M + +1). 



[1204] 




[1206] 



0. 
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(Step 7) Synthesis of methyl trans-4-((4S)-dimethylcarbamoyImethoxy-(2S)-pyrrolidinylmethoxy)- 
1 -cyclohexanecarboxylate 

[1208] 




[1209] To methyl trans-4- (1- (tert-butoxycarbonyl)- (4S)-dimethylcarbamoylmethoxy- (2S)-pyrrolidinylmethoxy)- 
1 -cyclohexanecarboxylate (245 mg, 0.554) were added dloxane (10 ml) and 4N HCI/dioxane (10 ml). The resulting 
mixture was stirred at room temperature for 15 hours. The reaction mixture was distilled under reduced pressure to 
remove the solvent, whereby methyl trans-4-((4S)-dimethylcarbamoylmethoxy-(2S)-pyrro lid inylmethoxy)- 1 -cyclohex- 
anecarboxylate (210 mg, 100%) was obtained as a colorless oil. 
MS(ESI)m/z343(M + +1). 

(Step 8) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)- 
dimethylcaroamoylmethoxy-(2S)-pyrro I id inylmethoxy)-1 -cyclohexanecarboxylate 

[1210] 




[1211] In DMF (10 ml), triethylamine (771 |xl, 5.54 mmol), (5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino) 
phenyl)acetic acid (200 mg, 0.554 mmol), EDC HCI (159 mg, 0.831 mmol), and HOBt (112 mg, 0.831 mmol) were 
added to methyl trans-4-((4S)-dimethylcaroamoylmethoxy-(2S)- pyrrolidinylmethoxy)-1 -cyclohexanecarboxylate (210 
mg, 0.554 mmol) and the resulting mixture was stirred at room temperature for 15 hours. To the reaction mixture were 
added ethyl acetate (200 ml) and water (100 ml). The organic layer thus separated was washed with saturated brine 
(100 ml), dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from chloroform-methanol (10:1) eluate frac- 
tions, methyl trans-4-(1 -((5-chloro-2-fluoro-4-(1 -methyl-3-lndolylcarbonylamino)phenyl)acetyl)- (4S)-dimethylcar- 
bamoylmethoxy-(2S)-pyrrolidinylmethoxy)-1 -cyclohexanecarboxylate (288 mg, 76%) was obtained as a yellow oil. 
1 H-NMR (CDCI 3 ) 5: 1 .24 (m, 2H), 1 .45 (m, 2H), 1 .84-2.31 (series of m, 7H), 2.96-3.01 (m, 6H), 3.22 (m, 1 H), 3.50-4.23 
(series fo m, 17H), 7.27 (m, 4H), 7.80 (s, 1H), 8.12-8.14 (m, 1H), 8.29 (s, 1H), 8.49 (dd, J=12.0, 8.6Hz, 1H). 
MS (ESI)m/z685 (M + +1). 

(Step 9) Synthesis of trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)- 
dimethylcarbamoylmethoxy-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxylic acid 

[1212] 




Me 
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[1213] To methyl trans-4-(1 -((5-ch!oro-2-fluoro-4-(1 -methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)-dimethyl- 
carbamoylmethoxy-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxy!ate (280 mg, 0.409 mmol) were added THF (5 
ml) and 0.25N NaOH (3.3 ml, 0.825 mmol). The resulting mixture was stirred at room temperature for 15 hours. The 
reaction mixture was poured in 1N HCI (100 ml), followed by extraction with chloroform-methanol (5:1, 2 x 100 ml). 
The extract was dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. 
The residue was dissolved in chloroform and to this solution was added hexane in portions until precipitation occurred. 
The crystals thus precipitated were collected by filtration under reduced pressure and dried under reduced pressure 
to give the title compound (180 mg, 66%) as a pale yellow solid. 

1 H-NMR (DMSO-d 6 ) 5: 1.16-1.37 (m, 4H), 1.85-2.17 (m, 7H), 2.82 (d, J=4.4Hz, 3H), 2.92 (d, J=6.8Hz, 3H), 3.17-4.22 
(series of m, 14H), 7.20-7.30 (m, 2H), 7.44 (dd, J=11.2, 6.8Hz, 1H), 7.56 (d, J=8.1Hz, 1H), 7.70 (dd, J=11.2, 6.8Hz, 
1H), 8.15 (d, J=7.8Hz, 1H), 8.31 (s, 1H),9.31 (s, 1H). 
MS (FAB)m/z671 (M + +1); 

Anal. Calcd for C^H^CIFr^Oy 0.75 H 2 0: C, 59.64; H, 6.11 ; N, 8.1 8. 
Found: C, 60.03; H, 6.16; N, 7.82. 



trans-4-(1 -((5-Chloro-2-fluoro-4-(1 -methyl-3-indazolylcaroonylamino)phenyl)acetyl)- (4S)-methoxy- (2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1 ) Synthesis of methyl trans-4-(1 -((5-chloro-2-fluoro-4-(1 -methyl-3-indazolylcarbonylamino)phenyl)acetyl)-(4S)- 
methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1215] In DMF (3 ml), (5-chloro-2-fluoro-4-(1-methyl-3-indazolylcarbonylamino)phenyl)acetic acid (133 mg, 0.369 
mmol), methyl trans-4-((4S)-methoxy-(2S)-pyrrolidinylmethoxy)cyc!ohexanecarboxylate (100 mg, 0.369 mmol), EDC 
HCI (106 mg, 0.554 mmol), HOBt (75 mg, 0.554 mmol) and triethylamine (0.26 ml, 1.85 mmol) were stirred at room 
temperature for 14 hours. The reaction mixture was poured in ice water, followed by extraction with ethyl acetate. The 
extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography using a silica gel thin-layer plate (developed in chloroform/acetone (20/1)) to 
give methyl trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indazolylcarbonylamino)phenyi)acetyl)- (4S)-methoxy- (2S- 
pyrrolidinylmethoxy)cyclohexanecarboxylate (166 mg, 73%) as a yellow oil. 

1 H-NMR (CDCI 3 ) 5: 1 .1 3-1 .52 (m, 4H), 1 .90-2.1 6 (m, 6H), 2.89 (m, 1 H), 3.21 -3.27 (m, 1 H), 3.30 and 3.33 (each s, total 
3H, amide isomers), 3.42-3.59 (m, 3H), 3.64 and 3.66 (each s, total 3H, amide isomers), 3.67-4.03 (m, 1 H), 7.34 (m, 
1H), 7.46 (s, 2H), 8.39 (d, J=8.3Hz, 1H), 8.48 and 8.52 (each d, each J=10.0Hz, total 1H, amide isomers), 9.49 (d, 
J=4.2Hz, 1H). 

MS (ESI) m/z 615 (M++1) , 617 (M++3). 



Example 121 



[1214] 



OMe 




279 



EP1 346 982 A1 

(Step 2) Synthesis of trans-4-(1 -((5<hloro>2-fluoro-4-(1-methyl-3-indazolylcariDonylamino)phenyl)acetyl)-(4S)^ 
methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecart)Oxylic acid 

[1216] 



w 




[1217] Methyl trans-4-(1- ((5-chloro-2-fluoro-4- (1-methyl-3-indazolylcarbonylamino)phenyl)acetyl)-(4S)-meth- 
15 oxy-(2S)-pyrrolidinylmethoxy)cyclohexanecart)oxylate (166 mg, 0,270 mmol) was dissolved in a THF/methanol (2:1, 
6 ml) mixture. To the resulting solution was added 1N NaOH (2 ml). After the reaction mixture was stirred at room 
temperature for 17 hours, the solvent was distilled off under reduced pressure. To the residue was added 1 N HCI. The 
crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 
reduced pressure to give the title compound (130 mg, 80%) as a pale yellow solid. 
20 |R (ATR) v 3363, 2937, 2862, 1726, 1685, 1643, 1621, 1587, 1527, 1406 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 6: 1.12-1.42 (m, 4H), 1.82-2.22 (m, 7H), 3.16 (m, 1H), 3.22 and 3.26 (each s, total 3H, amide 
isomers), 3.43-3.99 (m, 6H), 4.02 (s, 1H), 4.21 (s, 3H), 4.24 (m, 1H), 7.37 (t, J=7.3Hz, 1H), 7.46 and 7.50 (each d, 
each J=7.3Hz, total 1H, amide isomers), 7.82 (d, J=8.3Hz, 1H), 8.04 and 8.06 (each d, each J=1 1.3Hz, 1H, amide 
isomers), 8.20 (d, J=8.1 Hz, 1 H), 9.72 (s, 1 H); 
25 MS (ESI) m/z 601 (M + +1), 603 (M + +3); 

Anal. Calcd for C 30 H34CIFN 4 O 6 0.5H 2 O: C, 59,06; H, 5.78; N, 9.18; CI, 5.81; F, 3.11. 
Found: C, 58.80; H, 5.64; N, 9.03; CI, 6.00; F, 3.08. 

Example 122 

30 

trans-4-((4R)-Hydroxy-1-((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl 4-((4R)-hydroxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

35 

[1218] 



HO 



40 




[1219] Methyl 4-(N-(tert-butoxycarbonyl)-(4R)-hydroxy-(2S)-pyrrolidinylmethoxy)benzoate (4.016 g, 11.43 mmol) 
45 was dissolved in methylene chloride (60.0 ml). Under stirring at 0°C, trifluoroacetic acid (30 ml) was added to the 
resulting solution. The resulting mixture was stirred at room temperature for 3 hours. The solvent was then distilled off 
under reduced pressure. The residue was dissolved in ethanol (80 ml), followed by catalytic hydrogenation in an auto- 
clave for 20 hours with rhodium-alumina (5%, 1 .01 g) under 9.5 kgf/cm 2 of hydrogen atmosphere. The reaction mixture 
was filtered through Celite to remove the catalyst and the solvent was distilled off under reduced pressure. The residue 
50 was dissolved in chloroform-methanol (1 0:1 , v/v). The resulting solution was washed with a saturated aqueous solution 
of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent 
to give methyl 4-((4R)-hydroxy-(2S)-pyrrolidinylmethoxy) cyclohexanecarboxylate (2.46 g, 86%) as a brown oil. The 
resulting compound was provided for the subsequent reaction without further purification. 

1 H-NMR (CDCI 3 ) 5: 1 .10-2.45 (total 11 H, series of m), 3.13-3.90 (total 9H, series of m, including 3H, s at 5: 3.65), 4.17 
55 (1 H, m), 4.65 (1 H, m), 9.37 (1 H, bs, NH). 



280 



EP 1 346 982 A1 



(Step 2) Synthesis of methyl trans- and cis-4-(N-carbobenzoxy- (4R)-hydroxy-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylates 



[1220] 



H0 . 




H0 , 



[1221] Methyl 4- ((4R)-hydroxy-(2S)-pyrrolidinylmethoxy) cyclohexanecarboxylate (2.46 g, 9.790 mmol) was dis- 
solved in methylene chloride (50.0 ml). Under stirring at 0°C, carbobenzoxy chloride (a 30 to 35% toluene solution, 
8.70 ml, 14.68 mmol) and a saturated aqueous solution of sodium bicarbonate (2.5 ml) were added to the resulting 
solution, followed by stirring at room temperature for 2 days. The reaction mixture was diluted with chloroform. The 
diluted mixture was washed with 1N HCI dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl 
acetate (1:1, v/v) eluate fractions, a trans- and cis- diastereomer mixture was obtained. The mixture was separable by 
medium pressure chromatography on a silica gel column. From hexane-ethyl acetate (1 :3, v/v) eluate fractions, methyl 
trans-4-(N-carbobenzoxy-(4R)-hydroxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (555.1 mg, 15%) and me- 
thyl cis-4-(N-carbobenzoxy-(4R)-hydroxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (2.14 g, 57%) were ob- 
tained. 

1 H-NMR (CDCI 3 ) (trans-isomer) 5: 1 .09-1 .30 (2H, m), 1 .31 -1 .52 (2H, m), 1 .55-1 .83 (3H, m), 1 .83-2.09 (3H, m), 2.1 1 -2.29 
(2H, m), 3.13 (1H, m), 3.40-3.73 (total 7H, m, including 3H, s at 5: 3.67), 4.12 (1H, bs), 4.49 (1H, bs), 5.01-5.28 (2H, 
m), 7.33 (5H, m,ArH); 

1 H-NMR (CDCI3) (cis-isomer) 6: 1.30-1.51 (2H, m), 1.52-1.88 (total 6H, m), 1.90-2.12 (2H, m), 2.19 (1H, m), 2.31 (1H, 
m), 3.27-3.78 (total 8H, m, including 3H, s at 8: 3.64), 4.12 (1 H, bs), 4.52 (1 H, bs), 5.00-5.28 (2H, m), 7.31 (5H, m, ArH). 

(Step 3) Synthesis of methyl trans-4-((4R)-hydroxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1223] Methyl trans-4-(N-carbobenzoxy-(4R)-hydroxy-(2S)-pyrrolidinylmethoxy) cyclohexanecarboxylate (555.1 
mg, 1.418 mmol) was dissolved in ethanol (11 ml). To the resulting solution was added 5% palladium/ carbon (wet, 
100 mg) and the mixture was subjected to catalytic reduction at room temperature under normal pressure. From the 
reaction mixture, the catalyst was filtered off. The filtrate was distilled under reduced pressure to remove the solvent 
to give methyl trans -4-( (4 R)-hydroxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxy late (361.6 mg, crude). The com- 
pound was provided for the subsequent reaction without further purification. 

1 H-NMR (CDCI3) 8: 1.12-1 .32 (3H, m), 1 .35-1 .55 (2H, m), 1 .65 (1 H, m), 1 .74-1 .93 (3H, m), 1 .93-2.30 (3H, m), 2.82-3.58 
(total 6H, series of m), 3.66 (3H, s, OMe), 4.40 (1 H,bs). (Step 4) Synthesis of methyl trans-4-((4R)-hydroxy-1 -((2-(2-meth- 
ylphenylamino)-6-benzoxazolyl) acetyl)- (2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1224] Methyl trans-4-( (4 R)- hydroxy- (2S)-pyrro lid inyImethoxy)cyclohexanecarboxy late (50.5 mg, 0.201 mmol), 
(2-(2-methylphenylamino)-6-benzoxazolyl)acetic acid (56.7 mg, 0.201 mmol), and HOBt (5.4 mg, 0.040 mmol) were 
dissolved in DMF (2.0 ml). To the resulting solution was added EDC HCI (57.8 mg, 0.301 mmol), followed by stirring 
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at room temperature for 1 8 hours. The reaction mixture was diluted with ethyl acetate. The diluted mixture was washed 
with 1 N HCI, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by column chromatography using a silica gel thin-layer plate, whereby from chloroform -methanol 
(10:1, v/v) eluate fractions, methyl trans-4-((4R)-hydroxy-1-((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate (55.5 mg, 53%) was obtained as a clear oil. 

1 H-NMR (CDCI 3 ) 6: 1.01-1.19 (2H, m), 1.29-1.50 (2H, m), 1.79-2.06 (6H, m), 2.10-2.23 (2H, m), 2.35 (3H, s, ArMe), 
3.12 (1H, m), 3.32-3.59 (3H, m), 3.61 (3H, s, OMe), 3.71 (2H, s, CH 2 ), 3.79 (1H, dd, J=4.4, 10.0Hz, CH 2 ), 4.36 (1H, 
m), 4.52 (1H, m), 7.01-7.45 (total 8H, series of m, ArH, NH). 

(Step 5) Synthesis of trans-4-((4R)-hydroxy-1 -((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1226] Methyl trans-4-((4R)-hydroxy-1-((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate (55.5 mg, 0.106 mmol) was dissolved in THF (1.0 ml). To the resulting solution was added 
0.25N NaOH (1 .0 ml), followed by stirring at room temperature for 15 hours. The reaction mixture was distilled under 
reduced pressure to remove the solvent. To the residue was added 1N HCI (0.3 ml). The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried at 50°C under reduced pressure to 
give the title compound (39.3 mg, 73%) as a light brown solid. 

1 H-NMR (DMSO-d 6 ) 5: 0.98-1 .39 (4H, m), 1 ,72-2.03 (6H, m), 2.11 (1 H, m), 2.29 (3H, s, ArMe), 3.04-3.95 (8H, m), 4.09 
(1H, m), 4.25, 4.32 (total 1H, m), 7.00-7.87 (total 8H, series of m, ArH, NH), 9.75 (1H, bs, C0 2 H) . 
MS(ESI)m/z508 (M + +1). 

Example 123 

trans-4-(1-((2-(2-Methylphenylamino)-6-benzoxazolyl)acetyl))-(4S)-phenylthio-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(N-(tert-butoxycarbonyl)-(4R)-methanesulfonyloxy-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 



[1228] Methyl trans-4-(N-(tert-butoxycarbonyl)-(4R)-hydroxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
(301.6 mg, 0.844 mmol) was dissolved in methylene chloride (6.0 ml). Under stirring at 0°C, triethylamine (0.47 ml, 
3.375 mmol) and methanesulfonyl chloride (0,13 ml, 1.687 mmol) were added to the resulting solution. The reaction 
mixture was stirred at the same temperature for 2.5 hours. The reaction mixture was diluted with chloroform. The diluted 
mixture was washed with 1 N HCI, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate 
(1:1, v/v) eluate fractions, methyl trans-4-(N-(tert-butoxycarbonyl)-(4R)-methanesulfonyl-(2S)-pyrrolidinylmethoxy)cy- 
clohexanecarboxylate (361 .1 mg, 98%) was obtained as a colorless clear oil. 

1 H-NMR (CDCI3) 5: 1 .1 2-1 .27 (2H, m), 1 .35-1 .52 (1 OH, m, including 9H, s at 5: 1 .45), 1 .64 (1 H, m), 1 .90-2.05 (4H, m), 
2.18-2.40 (3H, m), 3.01 (3H, s, MeS0 3 ), 3.17 (1H, m), 3.43-3.85 (total 7H, m, including 3H, s at 5: 3.64), 3.95-4.12 
(1H, m), 5.25(1 H, m, MsOCH). 
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(Step 2) Synthesis of methyl trans-4-(N-(tert-butoxycarbonyl)-(4S)-phenyfthio-(2S)-pyrrolidiny!methoxy) 
cyclohexanecarboxylate 
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[1230] Cesium fluoride (125.9 mg, 0.829 mmol) was dried under reduced pressure at 180°C for 40 minutes. The 
reaction vessel was allowed to cool down to room temperature in a nitrogen gas stream. To the reaction mixture were 
added DMF (2.0 ml) and thiophenol (0.11 ml, 1.078 mmol). Under stirring at room temperature, a solution of methyl 
trans-4-(N-(tert-butoxycarbonyl)- (4R)-methanesulfonyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (361 .1 mg, 
0.829 mmol) in DMF (3.5 ml) was added dropwise. The reaction mixture was stirred further for 18 hours at 50°C and 
then, diluted with ethyl acetate. The diluted mixture was washed with saturated brine, dried over anhydrous sodium 
sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on 
a silica gel column, whereby from hexane-ethyl acetate (8:1 , v/v) eluate fractions, methyl trans-4-(N-(tert-butoxycarb- 
onyl)-(4S)-phenylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (367.2 mg, 98%) was obtained as a colorless 
clear oil. 

1 H-NMR (CDCI 3 ) 6: 1.15-1.32 (2H, m, CH 2 ), 1.35-1.56 (11H, m, including 9H, s at 5: 1.46), 1.93-2.10 (5H, m, CH 2 , 
CH) , 2.27 (1H, m, CH 2 ), 2.45 (1H, m, CH 2 ), 3.14-3.27 (2H, m), 3.44-3.79 (total 6H, m, including 3H, s at 6: 3.67), 
3.81-4.07 (2H, m), 7.20-7.45 (total 5H, series of m, ArH). 

(Step 3) Synthesis of methyl trans-4-((4S)-phenylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1232] Methyl trans-4-(N-(tert-butoxycartonyl)-(4S)-phenylthio-(2S)-pyrrolidinylmethoxy)c^clohexanecarboxylate. 
(367.2 mg, 0.81 7 mmol) was dissolved in methylene chloride (7.0 ml). To the resulting solution was added trif luoroacetic 
acid (3.5 ml) under stirring at 0°C. The reaction mixture was stirred further at room temperature for 1 .5 hours. From 
the reaction mixture, the solvent was distilled off under reduced pressure. The residue was diluted with chloroform, 
followed by washing with a saturated aqueous solution of sodium bicarbonate, drying over anhydrous sodium sulfate 
and distillation under reduced pressure to remove the solvent, whereby methyl trans-4-((4S)-phenylthio-(2S)-pyrrolid- 
inylmethoxy)cyclohexanecarboxylate (256.3 mg, 90%) was obtained. The resulting compound was provided for the 
subsequent reaction without further purification. 

1 H-NMR (CDCI3) 6: 1.17-1.33 (2H, m), 1.35-1.55 (3H, m), 1.91-2.18 (5H, m, CH 2 , CH, NH), 2.19-2.39 (2H, m), 2.95 
(1H, dd, J=4.8, 11 .6Hz, CH 2 ), 3.13-3.33 (3H, m), 3.38-3.54 (2H, m), 3.65 (3H, s, OMe), 3.68 (1H, m), 7.11-7.40 (total 
5H, series of m, ArH). 
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(Step 4) Synthesis of methyl trans-4-(1-((2-(2-methylphenylamino)-6-benzoxazotyl)acetyl)-(4S)-phenylthio-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1234] Methyl trans-4-((4S)-phenylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (256.3 mg, 0.733 mmol), 
(2-(2-methylphenylamino)-6-benzoxazolyl)acetic acid (207.0 mg, 0.733 mmol), and HOBt (1 9.8 mg, 0.147 mmol) were 
dissolved in DMF (9.0 ml). Under stirring at room temperature, EDC HCI (210.9 mg, 1.100 mmol) was added. The 
resulting mixture was stirred further at room temperature for 18 hours. The reaction mixture was diluted with ethyl 
acetate. The diluted mixture was washed with 1 N HCI, dried over anhydrous sodium sulfate, and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
chloroform-methanol (15:1 , v/v) eluate fractions, methyl trans-4-(1-((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)- 
(4S)-phenylthio- (2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (quantitative yield) was obtained as a light brown 
amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 1.04-1.29 (2H, m), 1.30-1.51 (2H, m), 2.78-2.12 (5H, m), 2.19 (1H, m), 2.34 (3H, s, ArMe), 2.37 
(1H, m) , 3.12 (1H, m), 3.23 (1H, dd, J=10.0Hz), 3.49 (1H r m), 3.55-3.67 (6H, m, including 3H, s at 6: 3.61), 3.71 (1H, 
m), 3.88 (1H, m), 4.22 (1H, m), 6.95-7.10 (2H, m, ArH), 7.15-7.40 (9H, m, ArH), 7.90 (1H, d, J=8.0Hz, ArH), 7.99 (1H, 
s, NH). 

(Step 5) Synthesis of trans-4-(1 -((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(4S)-phenylthio-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1236] Methyl trans-4-(1-((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(4S)-phenylthio-(2S)-pyrrolidinylmeth- 
oxy)cyc!ohexanecarboxylate (187.2 mg, 0.305 mmol) was dissolved in THF (4.0 ml). To the resulting solution was 
added 0.25N NaOH (4.0 ml), followed by stirring at room temperature for 2 days. From the reaction mixture, the solvent 
was distilled off under reduced pressure. The residue was acidified with 1 N HCI (1 .5 ml). The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried at 50°C under reduced pressure to 
give the title compound (1 60.3 mg, 88%) as an amorphous substance. 
IR(ATR)v1693, 1639, 1573, 1438 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5 1 .00-1 .21 (2H, m), 1 .22-1 .38 (2H, m), 1 .75-1 .97 (5H, m), 2.11 (1 H. m), 2.30 (3H, s, ArMe), 2.42 
(1H, m), 3.01-4.15 (total 9H, series of m), 7.01 (1H/ d, J=8.0Hz, ArH), 7.08 (1H, dd, J=7.6Hz, ArH), 7.20-7.44 (9H, m, 
ArH), 7.79 (1H, d, J=8.0Hz, ArH), 9.62 (1H, brs). 
MS (ESI)m/z600 (M + +1) ; 

Anal. Calcd for C^H^NgOsS 0.5H 2 O: C, 67.08; H, 6.29; N, 6.90; S, 5.27. 
Found: C, 67.02; H, 6.05; N, 6.84; S, 5.29. 
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trans-4-(1-((2-(2-Methylphenylamino)-6-benzoxazolyl)acetylV (4S)-phenylsulfonyl-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-(2-(2-methylphenylamino)-6-benzoxa2olylacetyl)-(4S)-phenylsulfonyl-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1 238] Methyl trans-4-(1 -((2-(2-methylphenylamino)-6-benzoxazolyl)acetylH4S)-phenylthio-(2S)-pyrrolidinylmeth- 
oxy)cyclohexanecarboxylate (282.9 mg, 0.461 mmol) was dissolved in methylene chloride (6.0 ml). To the resulting 
solution was added m-chloroperbenzoic acid (198.9 mg, 1.152 mmol) under stirring atO°C. The reaction mixture was 
stirred at the same temperature for 3.5 hours and at room temperature for 5 hours. The reaction mixture was diluted 
with chloroform-methanol (10:1 , v/v). The diluted mixture was washed with a saturated aqueous solution of sodium 
bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from chloroform-methanol (15:1 , v/v) eluate 
fractions, methyl trans-4-(1-((2-(2-methylphenylamino)-6-benzoxazoly)acetyl)-(4S)-phenylsulfonyl-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (quantitative yield) was obtained as a light brown amorphous substance. 
1 H-NMR (CDCI 3 ) 6: 0.95-1.55 (4H, m), 1.70-2.50 (total 10H, series of m, including total 3H, s at 5: 2.34 and 2.37), 
3.00-4.34 (total 12H, series of m, including 3H, s at 5: 3.63), 6.85-8.15 (total 13H, series of m, ArH, NH). 
MS (ESI) m/z 646 (M + +1) . 

(Step 2) Synthesis of trans-4-(1 -((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)- (4S)-phenylsulfonyl-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1240] Methyl trans-4-(1-((2-(2-methylphenylamino) -6-benzoxazolyl)acetyl)- (4S)-phenylsulfonyl-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (297.6 mg, 0.461 mmol) was dissolved in THF (6.0 ml). To the resulting solution was 
added 0.25N NaOH (6.0 ml), followed by stirring at room temperature for 18 hours. From the reaction mixture, the 
solvent was distilled off under reduced pressure. The residue was acidified with 1N HCI (1 .7 ml). The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water and dried at 50°C under reduced 
pressure to give the title compound (268.4 mg, 92%) as an amorphous substance. 
IR (ATR) v1695, 1639, 1575, 1446 cmr*; 

1 H-NMR (DMSO-d 6 ) 8: 0.97-1 .22 (2H, m), 1 .22-1 .40 (2H, m), 1 .73-1 .98 (4H, m) , 2.07-2.25 (3H, m) , 2.30 (3H, s, ArMe), 
3.03-4.45 (total 9H, series of m), 6.99 (1H, d, J=8.0Hz, ArH), 7.08 (1H, dd, J=7.2Hz, ArH), 7.24 (4H, m, ArH), 7.65-7.96 
(total 6H, series of m, ArH), 9.64 (1H, brs). 
MS (ESI) m/z 632 (M + +1); 

Anal. Calcd for C^y^C^S 0.75H 2 O: C, 63.29; H, 6.01 ; N, 6.51 ; S, 4.97. 
Found: C, 63.15 ; H, 5.71; N, 6.33; S, 4.95. 
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trans-4-(1-((5-Chloro-2-fluoro-4-((1-methyl-3^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 
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(Step 1) Synthesis of trans^-(N-(tert-butoxycaroonyl)-(4S)-methylthio-(2S)-pyrrolidiny!methoxy) 
cyclohexanecarboxylic acid 
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[1 242J Methyl trans-4-(N- (tert-butoxycaroonyl)-(4R)-methanesulfonyloxy-(2S)-pyrrolidinylmethoxy)cyclohexane 
carboxylate (95.3 mg, 0.219 mmol) was dissolved in DMF (2.0 ml). To the resulting solution was added sodium thi- 
omethoxide (46.0 mg, 0.656 mmol) at room temperature under a nitrogen gas stream. After stirring for 18 hours at 

20 60°C, the reaction mixture was cooled and then, diluted with ethyl acetate. The ethyl acetate solution was washed with 
1 N HCI, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1:1, v/v) eluate fractions, 
trans-4-(N-(tert-butoxycarbonyl)- (4S)-methylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid (77.2 mg, 
95%) was obtained as a clear oil. 

25 1 H-NMR (CDCI 3 ) 8: 1.17-1 .34 (2H, m), 1 .37-1 .55 (1 1 H, m, including 9H, s at 6: 1 .46), 1 .91 (1 H, m), 1 .96-2.1 0 (4H, m), 
2.13 (3H, s, SMe) , 2.30 (1H, m), 2.38 (1H, m), 3.07-3.18 (2H, m), 3.23 (1H, m), 3.43-4.06 (total 4H, series of m). 

(Step 2) Synthesis of methyl trans-4-(N-(tert-butoxycarbonyl)-(4S)-methylthio-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 

30 



[1244] In benzene (5.0 ml) and methanol (0.5 ml) was dissolved trans-4-(N-(tert-butoxycarbonyl)-(4S)-methylth- 
40 io-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid (77.2 mg, 0.207 mmol) . Under stirring at 0°C, trimethylsilyldi- 
azomethane (a 2M-hexane solution, 1 ml) was added and the resulting mixture was stirred at room temperature for 30 
minutes. Acetic acid was added to the reaction mixture at 0°C. From the resulting mixture, the solvent was distilled off 
under reduced pressure, followed by dilution with ethyl acetate. The ethyl acetate solution was washed with a saturated 
aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
45 to remove the solvent, whereby methyl trans-4-(N-(tert-butoxycarbonyl)-(4S)-methylthio-(2S)-pyrrolidinylmethoxy)cy- 
clohexanecarboxylate (75.6 mg, 94%) was obtained as a pale yellow oil. The compound was provided for the subse- 
quent reaction without further purification. 

1 H-NMR (CDCI3) 8: 1.15-1.32 (2H, m), 1.36-1.54 (11H, m, including 9H, at 8: 1.46), 1.85-2.08 (5H, m), 2.13 (3H, s, 
SMe), 2.26 (1H/m), 2.38 (1H/ m), 3.05-3.16 (2H, m), 3.21 (1H, m), 3.42-4.05 (total 7H, series of m, including 3H, s at 
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(Step 3) Synthesis of methyl trans-4-((4S)-methylthio-(2S)-pyrrolidinylrnethoxy)cyc!ohexanecarboxylate 
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[1246] Methyl trans-4-(N-(tert-butoxycarbonyl) - (4S)-methylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
(75.6 mg, 0.1 95 mmol) was dissolved In methylene chloride (4.0 ml). To the resulting solution was added trifluoroacetic 
acid (2.0 ml) at 0°C. The resulting mixture was stirred for 2.5 hours at room temperature. From the reaction mixture, 

15 the solvent was distilled off under reduced pressure. The residue was diluted with chloroform. The chloroform solution 
was neutralized with a saturated aqueous solution of sodium bicarbonate, followed by extraction with a chloroform- 
methanol (1 0:1 , v/v) mixture. The extract was dried over anhydrous sodium sulfate, anddistilled under reduced pressure 
to remove the solvent, whereby methyl trans-4-((4S)-methylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylatewas 
obtained as a pale yellow oil. The compound was provided for the subsequent reaction without further purification. 

20 1 H-NMR (CDCI 3 ) 5: 1.18-1.52 (6H, m), 1.94-2.12 (7H, m, including 3H, s at 6: 2.10), 2.20-2.31 (2H, m), 2.90 (1H, dd, 
J=8.0, 14.0Hz), 3.11-3.32 (4H, m), 3.43 (1H, dd, J=6.2, 9.4Hz), 3.49 (1H, dd, J=5.0, 9.4Hz). 

(Step 4) Synthesis of methyl trans-4-(1 -((5-chloro-2-fluoro-4- ((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)- 
methylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

25 



[1248] Methyl trans-4-((4S)-methylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (161.6 mg, 0.562 mmol) 
was dissolved in DMF (7.0 ml). To the resulting solution were added (5-chloro-2-fluoro-4-((1 -methyl-3-indolylcarbonyl) 
amino)phenyl)acetic acid (202.8 mg, 0.562 mmol), HOBt (15.2 mg, 0.1 1 2 mmol) and EDC HCI (1 61 .7 mg, 0.843 mmol). 
The resulting mixture was stirred at room temperature for 1 8 hours. The reaction mixture was diluted with ethyl acetate. 
40 The diluted mixture was washed successively with 1 N HCI and a saturated aqueous solution of sodium bicarbonate, 
dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1 :2, v/v) eluate fractions, methyl 
trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolyte^ 

methoxy)cyclohexanecarboxylate (328.8 mg, 93%) was obtained as a pale yellow oil. 
45 1H-NMR (CDCI3) 5: 1.09-1.33 (2H, m), 1.36-1.54 (2H, m), 1.90-2.11 (5H, m), 2.15 (3H, s, SMe), 2.17-2.59 (total 2H, 
series of m), 3.11-3.23 (2H, m), 3.30 (1H, dd, J=10.0Hz), 3.52-3.98 (total 11H, series of m, including 3H, s at 5: 3.62 
and 3H, s at 3.89), 4.19-4.44 (total 1H, m), 7.30-7.46 (4H, m), 7.81 (1H, d, J=4.4Hz), 8.14 (1H, m), 8.30 (1H t s), 8.51 
(1H, dd, J=1 0.8Hz). 
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(Step 5) Synthesis of trans-4-(1 -((5K;hloro-2-fluoro-4-((1 -methyl 
methylthio-(2S) -pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1249] 



5 



10 




CI 



Me' 



[1 250] Methyl trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-methylth- 
io-(2S)-pyrrolidinylmethoxy)cyclohexanecarooxylate (146.6 mg, 0,234 mmol) was dissolved in THF (3.0 ml). To the 

15 resulting solution were added 0.25N NaOH (3.0 ml) and methanol (0.5 ml), followed by stirring at room temperature 
for .5 hour. The reaction mixture was concentrated under reduced pressure and the concentrate was neutralized with 
1N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and 
dried at 50°C under reduced pressure to give the title compound (135.0 mg, 94%) as a white amorphous substance. 
IR(ATR)v2935, 1641, 1517 cm- 1 ; 

20 1 H-NMR (DMSO-d 6 ) 6: 1 .08-1 .43 (4H, m), 1 .76-2.05 (5H, m), 2.14 (3H, s, SMe), 2.1 6 (1 H, m), 2.35 (1 H, m), 3.09-3.47 
(4H, m), 3.55-3.66 (2H, m), 3.71 (1H/ s), 3.80-4.38 (total 5H, series of m, including 3H, s, at 8 3.89), 7.22 (1H, dd, 
J=7.2Hz), 7.28 (1H, dd, J=7.2Hz), 7.43 (1H, d, J=7.2Hz), 7.56 (1H, d, J=7.2Hz), 7.70 (1H, m), 8.15 (1H, d, J=7.2Hz), 
8.31 (1H,S),9.32(1H,S). 
MS (ESI)mfc616(M++1); 

25 Anal. Calcd for C3 1 H 35 CIFN30 5 S 0.5H 2 O: C, 59.56; H, 5.80; N, 6.72; CI, 5.67; F, 3.04; S, 5.13. 
Found: C, 59.39; H, 5.53; N, 6.78; CI, 5.74; F, 2.99; S, 5.12. 



30 trans-4-(1-((2-(5-Fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)-methylthio-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S)- 
methylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1252] Methyl trans-4-((4S)-methylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (169.4 mg, 0.589 mmol) 
45 was dissolved in DMF (7.0 ml). To the resulting solution were added (2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-ben- 
zoxazolyl)acetic acid (187.6 mg, 0.589 mmol), HOBt (15.9 mg, 0.118 mmol) and EDC HCI (169.5 mg, 0.884 mmol). 
The resulting mixture was stirred at room temperature for 1 8 hours. The reaction mixture was diluted with ethyl acetate. 
The diluted mixture was washed successively with 1N HCI and a saturated aqueous solution of sodium bicarbonate, 
dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 
so purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1 :2, v/v) eluate fractions, methyl 
trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl) acetyl)- (4S)-methylthio-(2S)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (336.0 mg, 97%) was obtained as a pale yellow amorphous substance. 
1 H-NMR (CDCI 3 ) 5: 1.10-1.35 (2H, m), 1 .36-1 .55 (2H t m), 1.90-2.61 (total 13H, series of m, including 3H, s at S: 2.15 
and 3H, s at 5: 2.32), 3.13-3.25 (2H, m), 3.31 (1H, dd, J=9.6Hz), 3.54-3.80 (total 7H, series of m, including 3H, s at 6: 



55 3.65), 3.87-4.00 (1H, m), 4.20-4.45 (total 1H, m), 6.75 (1H, m), 6.98 (1H, brs), 7.07-7.18 (2H, m), 7.24 (1H, m), 8.11 
(1H, dd, J=2.8, 11.2Hz). 



Example 126 



35 



[1251] 



40. 
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(Step 2) Synthesis of trans-4-(1 -((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(4S) 
methylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1253] 




[1254] Methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fl^^ 

pyrrolidinylmethoxy)cyclohexanecarboxylate (153.5 mg, 0.261 mmo!) was dissolved in THF (3.0 ml). To the resulting 
solution was added 0.25N NaOH (3.0 ml). The resulting mixture was stirred at room temperature for 8 hours. The 
reaction mixture was concentrated under reduced pressure and the concentrate was neutralized with 1N HCI. The 
crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried at 50°C 
under reduced pressure to give the title compound (138.8 mg, 93%) as a white amorphous substance. 
IR (ATR) v 2935, 1639, 1577 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1 .05-1 .43 (4H, m), 1 .64-2.04 (5H, m), 2.13 (3H, s, SMe), 2.15 (1H, m), 2.30 (3H, s, ArMe), 2.33 
(1H, m), 2.95-3.40 (3H, m), 3.54-3.82 (total 4H, series of m), 3.83-4.38 (total 2H, series of m), 6.90 (1H, m), 7.08 (1H, 
m), 7.21 (1H, dd, J=3.2, 8.4Hz) , 7.26 (1H, dd, J=7.6Hz), 7.93 (1H ( dd, J=3.2,11 .2Hz), 10.05 (1H, brs, NH), 12.05 (1 H, 
br s t C0 2 H). 

MS(ESI)m/z574(M + +1); 

Anal. Calcd for C^H^^OgS 0.5H 2 O: C, 59.78; H, 5.88; N, 7.21 ; F, 6.52; S, 5.50. 
Found: C, 59.89; H, 5.65; N, 7.21 ; F, 6.43; S, 5.44. 

Example 127 

trans-4-(1-((5-Chloro2-fluoro-4-((1-methyl-3-indazolylcaroonyl)amino)phenyl)acetyl)-(4S)-methylthio-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid : 

(Step 1) Synthesis of methyl trans-4-(1-((5-chloro 2-fluoro-4-((1-methyl-3-indazolylcarbonyl)amino)phenyl)acetyl) 
-(4S)-methylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1 256] Methyl trans-4-((4S)-methylthio-(2S)-pyrrolidinylmethoxy)cyclohexylcarboxylate (1 63.2 mg, 0.568 mmol) was 
dissolved in DMF (7.0 ml). To the resulting solution were added (5-chloro-2-fluoro-4-((1-methyl-3-indazolylcarbonyl) 
amino)phenyl)acetic acid (205.4 mg, 0.568 mmol) HOBt (15.3 mg, 0.114 mmol) and EDC HCI (163.3 mg, 0.852 
mmol), followed by stirring at room temperature for 1 8 hours. The reaction mixture was diluted with ethyl acetate. The 
diluted mixture was washed successively with 1 N HCI and a saturated aqueous solution of sodium bicarbonate, dried 
over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from hexane-ethyl acetate (1 :2, v/v) eluate fractions, methyl trans- 
4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3^^ 

oxy)cyclohexanecarboxylate (348.7 mg, 97%) was obtained as a pale yellow amorphous substance. 
1 H-NMR (CDCI 3 ) 8: 1 .10-1 .33 (2H, m), 1 .37-1 .55 (2H, m), 1 .92-2.11 (5H, m), 2.15 (3H, s, SMe), 2.25 (1H, m), 2.33-2.59 
(total 1H, m), 3.12-3.36 (3H, m), 3.52-3.99 (total 8H, series of m, including 3H, s at 6: 3.62), 4.17 (3H, s), 4.19-4.45 
(total 1H, m), 7.29-7.42 (2H, m), 7.45-7.54 (2H, m), 8.38 (1H, d, J=8.0Hz), 8.51 (1k, dd, J=12.0Hz), 9.50 (1H, s). 



[1255] 
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(Step 2) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indazolylcart)onyl)amino)phenyl)acetyl)-(4S)- 
methylthio-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1257] 



w 




[1258] Methyl trans-4-(1-((5-chloro-2-fluoro-4-((1^ 

15 io-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (154.7 mg, 0.245 mmol) was dissolved in THF (3.0 ml). To the 
resulting solution were added 0.25N NaOH (3.0 ml) and methanol (1 .0 ml). The resulting mixture was stirred at room 
temperature for 18 hours. The reaction mixture was concentrated under reduced pressure and the concentrate was 
neutralized with 1N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed 
with water and dried at 50°C under reduced pressure to give the title compound (1 32.2 mg, 87%) as a white amorphous 

20 substance. 

I R (ATR) v 2937, 1 62 1 , 1 529 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 1 .07-1 .42 (4H, m), 1 .62-2.41 (total 1 0H, series of m, including 3H, s, at 6: 2.14), 2.95-3.47 (total 
3H, series of m), 3.52-3.92 (total 4H, series of m), 4.00-4.39 (total 5H, series of m, including 3H, s, at 5: 4.22), 7.37 
(1H, dd, J=7.6Hz), 7.49 (1H, d t J=7.6Hz), 7.54 (1H, dd, J=7.6Hz), 7.83 (1H, d, J=8.4Hz), 8.06 (1H, dd, J=6.4,11 .2Hz), 
25 8.21 (1 H, d, J=8.4Hz), 9.73 (1 H, s, NH), 12.05 (1 H, br s, C0 2 H) . 
MS(ESI)m/z617(M + +1); 

Anal. Calcd for CaoH^CIFIV^S 0.5H 2 O: C, 57.55; H, 5.63; N, 8.95; CI, 5.66; F, 3.03; S, 5.12. 
Found: C, 57.69; H, 5.43; N, 8.92; CI, 5.67; F, 3.04; S, 5.18. 



30 Example 128 



trans-4-(1-((5-Chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-methanesulfonyl-(2S)- 
pyrroIidinylmethoxy)cyclohexanecarboxylic acid: 



35 (Step 1 ) Synthesis of methyl trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)- 
methanesulfonyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1259] 




[1 260] Methyl trans-4-(1 -((5-chloro-2-fluoro-4- ((1 -methyi-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-methylth- 
io-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (1 82.2 mg, 0.289 mmol) was dissolved in methylene chloride (4.0 

50 ml). To the resulting solution was added m-chloroperbenzoic acid (149.7 mg, 0.867 mmol) under stirring at 0°C. The 
stirring was conducted further at the same temperature for 2 hours. The reaction mixture was diluted with chloroform- 
methanol (10:1, v/v). The diluted mixture was washed with a saturated aqueous solution of sodium bicarbonate, dried 
over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography using a silica gel thin-layer plate, whereby from chloroform-methanol (10:1 , v/v) eluate fractions, 

55 methyl trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-methanesulfonyl-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate (159.1 mg, 83%) was obtained as a yellow oil. 

1 H-NMR (CDCI 3 ) 5: 1.09-1.34 (2H, m), 1.35-1.55 (2H, m), 1.88-2.14 (5H t m), 2.27 (1H, m), 2.42-2.67 (total 1H, m), 
2.92 and 2.94 (total 3H, s, S0 2 Me), 3.1 4-3.33 (2H, m), 3.44-3.95 (total 1 1 H, series of m, including total 3H, s at 5: 3.62 
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and 3.67, and 3H, s at 3.90), 4.04-4.60 (total 2H, series of m), 7.30-7.47 (4H, m), 7.83 (1 H, s), 8.1 3 (1 H, m) , 8.31 (1 H, 
s),8.53 (1H,dd, J=12.0Hz). 

(Step 2) Synthesis of trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolylcartDonyl)amino)phenyl)acetyl)- (4S)- 
methanesulfonyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1261] 




[1262] Methyl trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-methanesul- 
fonyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (159.1 mg, 0.240 mmol) was dissolved in THF (3.0 ml). To the 
resulting solution was added 0.25N NaOH (3.0 ml). The resulting mixture was stirred at room temperature for 4 hours. 
The reaction mixture was concentrated under reduced pressure. The residue was neutralized with 1 N HCI. The crystals 
thus precipitated were collected by filtration under reduced pressure, washed with water and dried at 35°C under 
reduced pressure for 3 days. The crude crystals were purified by chromatography on silica gel column, whereby from 
chloroform-methanol (20:1, wV) eluate fractions, the title compound (107.4 mg, 69%) was obtained as a pale brown 
amorphous substance. 

1 H-NMR (DMSO-d 6 ) 8: 1.07-1.45 (4H, m), 1.72-2.06 (5H, m), 2.06-2.49 (2H, m), 3.04 and 3.06 (total 3H, s, S0 2 Me), 
3.13-4.50 (total 1 2H, series of m, including 3H, s at 6: 3.89), 7.22 (1 H, dd, J=7.6Hz), 7.28 (1 H, dd, J=7.6Hz), 7.44 (1 H, 
d, J=7.6Hz), 7.56 (1H, d, J=7.6Hz), 7.71 (1H, m), 8.15 (1H, d, J=7.6Hz), 8.31 (1H, s), 9.33 (1H, s, NH), 12.09 (1H, br 
s, C0 2 H) . 

MS(ESI) m/z 648 (M++1). 
Example 129 

trans-4-(1-((5-Chloro-2-fluoro^-((1-methyl-3-indazolylcaii3onyl)amino)phenyl)acetyl)-(4S)-methanesulfonyl-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indazolylcarbonyl)amino)phenyl)acetyl) 
-(4S)-methanesulfonyl-(2S)-pyrroIidinylmethoxy)cyclohexanecarboxylate 

[1263] 




[1 264] Methyl trans-4-(1 -((5-ch1oro-2-fluoro-4-((1 -methyl-3-indazolylcarbonyl)amino)phenyl)acetyl)-(4S)-methylth- 
io-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (1 94.0 mg, 0.307 mmol) was dissolved in methylene chloride (4.0 
ml). Under stirring at 0°C, m-chloroperbenzoic acid (1 59.1 mg, 0.922 mmol) was added to the resulting solution. Stirring 
was conducted further at the same temperature for 3 hours. The reaction mixture was diluted with ethyl acetate. The 
ethyl acetate solution was washed successively with an aqueous solution of sodium sulfite and a saturated aqueous 
solution of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform-methanol 
(20:1, v/v) eluate fractions, methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indazolylcarbonyl)amino)phenyl) 
acetyl)-(4S)-methanesulfonyl-(2S)-pyrrolidiny!methoxy)cyclohexanecarboxylate (quantitative yield) was obtained as a 
white amorphous substance. 
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1 H-NMR (CDCI 3 ) 5: 1.12-1 .33 (2H, m) , 1.37-1.55 (2H, m) , 1.92-2.13 (4H, m), 2.20-2.67 (total 3H, series of m), 2.92 
and 2.95 (total 3H, s, SO z Me), 3.25 (1H, m), 3.46-3.92 (total 9H, series of m, including total 3H, s at 8: 3.63 and 3.66), 
4.1 4 (1 H, m), 4.1 8 (3H, s, NMe), 4.39 and 4.55 (total 1 H, m), 7.30-7.42 (2H, m), 7.42-7.54 (2H, m), 8.39 (1 H, d, J=8.0Hz), 
8.53 (1H, dd, J=1 2.4Hz), 9.51 (1H, s). 

(Step 2) Synthesis of trans-4-(1-((5n;hloro-2-fluoro-4-((1-me 
methanesulfonyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1265] 

10 



15 




[1266] Methyl trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indazolylcarbonyl)amino)phenyl)acetyl) -(4S)-meth- 
20 anesulfonyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (203.8 mg, 0.307 mmol) was dissolved in THF (4.0 ml). 
To the resulting solution were added 0.25N NaOH (4.0 ml) and methanol (0.5 ml). The resulting mixture was stirred at 
room temperature for 3.5 hours. The reaction mixture was concentrated under reduced pressure. After the residue 
was neutralized with 1N HCl, the mixture was diluted with water, followed by extraction with a chloroform-methanol 
(1 0:1 , v/v) mixture. The extract was dried over anhydrous sodium sulfate and distilled under reduced pressure to remove 
25 the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform-methanol 
(10:1 , v/v) eluate fractions, the title compound (quantitative yield) was obtained as a white amorphous substance. 
IR (ATR) v 2935, 1621, 1525 cm' 1 ; 

1 H-NMR (CDCI3) 5: 1 .1 1 -1 .34 (2H, m), 1 .38-1 .57 (2H, m), 1 .80-2.14 (5H, m), 2.30 (1 H, m), 2.49 and 2.60 (total 1 H, m), 
2.92 and 2.95 (total 3H, s, S0 2 Me), 3.25 (1H, m), 3.46-3.92 (6H, m), 4.06-4.60 (total 5H, series of m, including 3H, s 
30 at 6: 4.1 7), 7.29-7.42 (2H, m), 7.42-7.55 (2H, m), 8.38 (1 H, d, J=8.0Hz), 8.53 (1 H, dd, J=12.0Hz), 7.44 (1 H, d, J=7.6Hz), 
7.56 (1H, d, J=7.6Hz), 7.71 (1H, m), 8.15 (1H, d, J=7.6Hz), 9.51 (1H, s). 
MS(ESI) m/z 649 (M + +1); 

Anal. Calcd for C 30 H34CIFN 4 O 7 S 0.5H 2 O 1.5HCI: C, 50.55; H, 5.16; N, 7.86; CI, 12.43; F, 2.67; S, 4.50. 
Found: C, 50.53; H, 4.75; N, 7.62; CI, 12.43; F, 2.62; S, 4.40. 

35 

Example 130 



trans-4-(1-((5-Chloro-2-fluoro-4-(1-methyl-3-indolylcaroonylamino)phenyl)acetyl)-(2S)-pyrrolidinylmethoxy)- 
1-cyclohexanecarboxylic acid: 

40 

(Step 1) Synthesis of methyl trans-4-((2S)-pyrrolidinylinethoxy)-1-cyclohexanecarboxylate 



[1267] 



45 

so [1268] Methyl 4-((2S)-pyrrolidinylmethoxy)benzoate (2.0 g, 7.36 mmol) was dissolved in acetic acid-methanol (1 :10, 
55 ml). To the resulting solution was added rhodium/alumina (1 g), followed by catalytic hydrogenation at room tem- 
perature under 3.8 atm for 15 hours. From the reaction mixture, the catalyst was filtered off. The filtrate was distilled 
under reduced pressure to remove the solvent, whereby methyl 4- ((2S) -pyrrolidinylmethoxy) -1 -cyciohexanecarbox- 
ylate (1 .71 g) was obtained as a colorless oil. The resulting compound was dissolved in acetonitrile-water (1 :1 , 40 ml). 

55 To the resulting solution were added triethylamine (1 .5 ml, 1 0.6 mmol) and di-tert-butyl dicarbonate (1 .7 g, 7.80 mmol) 
and the resulting mixture was stirred at room temperature for 15 hours. The reaction mixture was diluted with ethyl 
acetate (300 ml). The diluted mixture was washed successively with 1N HCl (100 ml) and saturated brine (100 ml), 
dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent, whereby methyl 
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4-(1-(tert-butoxycarbonyl)-(2S)-pyiTolidinylmethoxy)-1-cyclohexanecarboxylate (2.26 g) was obtained as a colorless 
oil. The resulting oil was dissolved in methanol (50 ml). To the resulting solution was added sodium methoxide (1 ,07 
g, 19.9 mmol), followed by heating under reflux for 15 hours. The reaction mixture was cooled and poured in 1N HCI 
(1 00 ml), followed by extraction with chloroform (2 x 100 ml). The extract was dried over anhydrous magnesium sulfate 

5 and distilled under reduced pressure to remove the solvent. The oily residue was dissolved in methanol/benzene (1 : 
4, 60 ml) and under stirring at room temperature, (trimethylsilyl)diazomethane (a 2M-hexane solution) was added in 
portions to the resulting solution until the disappearance of carboxylic acid was confirmed by TLC. The resulting mixture 
was distilled under reduced pressure to remove the solvent to give a 1:1 cis-trans mixture of methyl 4-((2S)-pyrrolidi- 
nylmethoxy)-1-cyclohexanecarboxylate as an oil. The resulting mixture was purified by flash column chromatography 

10 (Biotage) whereby from hexane-ethyl acetate (4:1 ) eluate fractions, the trans-isomer was obtained. The trans isomer 
was dissolved in trifluoroacetic acid (5 ml) and methylene chloride (5 ml). The mixture was stirred at room temperature 
for 15 minutes. From the reaction mixture, the solvent was distilled off under reduced pressure. The residue was 
neutralized with a saturated aqueous solution of sodium bicarbonate, followed by extraction with chloroform (200 ml). 
The extract was dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent, 

15 whereby methyl trans-4-((2S)-pyrrolidinylmethoxy)-1 -cyclohexanecarboxylate (504 mg) was obtained as a pale yellow 
oil. 

1 H-NMR (CDCI 3 ) 8: 1.20-1.29 (m, 2H), 1.34-1.51 (m, 3H), 1.66-2.10 (series of m, 7H), 2.23-2.31 (m, 1H), 2.83-2.89 
(m, 1 H), 2.95-3.01 (m, 1 H), 3.20-3.28 (in, 2H), 3.32-3.36 (m, 1 H), 3.44-3.48 (m, 1 H), 3.66 (s, 3H). 
MS (ESI)m/z242 (M++1) . 

20 

(Step 2) Synthesis of methyl trans-4-(1-((5-chloro-2-fiuoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(2S)- 
pyrrolidinylmethoxy)-1 -cyclohexanecarboxylate 

[1269] 

25 



Me 

[1270] In DMF (10 ml), EDC-HCI (274 mg, 1 .43 mmol), DMAP (catalytic amount), and HOBt (catalytic amount) were 
added to (5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetic acid (344 mg, 0.953 mmol) and methyl 

35 trans-4-((2S)-pyrrolidinylmethoxy)-1 -cyclohexanecarboxylate (230 mg, 0.953 mmol) and the resulting mixture was 
stirred at room temperature for 15 hours. To the reaction mixture were added ethyl acetate (200 ml) and saturated 
brine (100 ml). The organic layer thus separated was washed with saturated brine (100 ml), dried over anhydrous 
magnesium sulfate, and distilled under reduced pressure to remove the solvent. From chloroform-ethyl acetate (4:1) 
eluate fractions, methyl trans-4-(1 -((5-chloro-2-f luoro-4-(1 -methyl-3-indolylcarbonylamino)phenyl)acetyl)-(2S)-pyrro- 

40 lidinyImethoxy)-1 -cyclohexanecarboxylate (556 mg, 1 00%) was obtained as a pale yellow oil. 

1 H-NMR (CDCI 3 ) 5: 1 .12-2.32 (series of m, 13H), 3.15-4.25 (series of m, 14H), 7.32-7.44 (m, 4H), 7.81 (m, 1H), 8.14 
(m, 1H), 8.29 (br s, 1H) , 8.48-8.52 (m, 1H). 
MS (ESI) m/z 584 (M + +1) . 

45 (Step 3) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-(1 -methyl-3-indolylcarbonylamino)phenyl)acetyl)-(2S)- 
pyrrolidinylmethoxy)-1 -cyclohexanecarboxylic acid 

[1271] 

50 

Mm 

55 

[1272] To methyl 4-(1 -((5-chloro-2-fluoro-4- (1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(2S)-pyrrolidinyl meth- 
oxy)-1 -cyclohexanecarboxylate (556 mg, 0.953 mmol) were added THF (10 ml) and 0.25N NaOH (10 ml, 2.50 mmol). 
The resulting mixture was stirred at room temperature for 15 hours. The reaction mixture was poured in 1N HCI (100 
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ml), followed by extraction with chloroform-methanol (5:1 , 2 x 100 ml). The extract was dried over anhydrous magne- 
sium sulfate and distilled under reduced pressure to remove the solvent. To the residue were added chloroform and 
hexane. The crystals thus precipitated were collected by filtration under reduced pressure and dried under reduced 
pressure to give the title compound (400 mg, 74%) as a colorless solid. 
5 1 H-NMR (DMSO-d 6 ) 8: 1 .13-2.34 (series of m, 13H), 3.16-4.24 (series of m, total 11 H), 7.32-7.44 (m, 4H), 7.81 (s, 1H), 
8.11-8.14 (m, 1H), 8.29 (s, 1H), 8.46-8,51 (m, 1H). 
MS (FAB) m/z 570 (M + +1); 

Anal. Calcd for CaoH^CINaOs 0.25 H 2 0: C, 62,71 ; H, 5.88; N, 6.96. 
Found: C, 62.55; H, 5.99; N, 6.96. 

10 

Example 131 

trans-4-(1-((2-(6-Fluoro-1-methyl-3-indofyl)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidinylmethoxy)- 
1-cyciohexanecarboxylic acid: 

15 

(Step 1) Synthesis of methyl trans-4-(1-((2-(6-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(2S)- 
pyrrolidinylmethoxy)-1-cyclohexanecarboxylate 

[1273] 




[1274] In DMF (10 ml), EDC HCI (177mg, 0.926 mural), DMAP (catalytic amount), and HOBt (catalytic amount) were 
added to (2-(6-fluoro-1-methyl-3-indolylcarbonylamino)-6-benzoxazoly)acetic acid (200 mg, 0.617 mmol) and methyl 
trans-4-((2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxylate (149 mg, 0.617 mmol) and the resulting mixture was 

30 stirred at room temperature for 15 hours. To the reaction mixture were added ethyl acetate (200 ml) and saturated 
brine (100 ml). The organic layer thus separated was washed with saturated brine (100 ml), dried over anhydrous 
magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chroma- 
tography on a silica gel column, whereby from chloroform-methanol (10:1) eluate fractions, methyl trans- 
4-(1-((2-(6-fluoro-1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxy 

35 (338 mg, 100 %) was obtained as a pale yellow oil. 

1 H-NMR (CDCI 3 ) 6: 1.11-1.48 (series of m, 4H), 1.86-2.06 (m, 8H), 2.18-2.35 (m, 1H) 3.16-4.27 (series of m, 14H), 
7.05-7.24 (m, 3H), 7.50-7.52 (m, 1H), 7.62-7.67 (m, 1H), 7.90 (s, 1H), 8.38 (dd, J=8.8,5.4Hz, 1H). 
MS (ESI) m/z 549 (M + +1). 

40 (Step 2) Synthesis of trans-4-(1 -((2-(6-fluoro-1 -methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidinylmethoxy)- 
1-cyclohexanecarboxylic acid 

[1275] 




50 

[1276] To methyl trans-4-(1-((2-(6-fluoro-1-methyl-3-indolylcarbonylamino)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidinyl- 
methoxy)-1-cyclohexanecarboxylate (338 mg, 0.617 mmol) were added THF (10 ml) and 0.25N NaOH (10 ml, 2.50 
mmol). The resulting mixture was stirred at room temperature for 15 hours. The reaction mixture was poured in 1N 
HCI (1 00 ml), followed by extraction with chloroform-methanol (5:1 , 2 x 1 00 ml). The extract was dried over anhydrous 
55 magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by chroma- 
tography on a silica gel column, whereby from chloroform-methanol (10:1) eluate fractions, the title compound (202 
mg, 49%) was obtained as a colorless amorphous substance. 

1 H-NMR (DMSO) 6: 1.07-1.35 (m, 4H), 1.83-1.93 (m, 8H), 2.13 (m, 1H), 3.12-4.21 (series of m, 11H), 7.14-7.22 (m, 



294 



EP 1 346 982 A1 

2H), 7.51-7.54 (m, 2H), 7.63 (d, J=8.1Hz, 1H), 8.28-8.33 (m, 2H). 
MS (FAB)m/2 534(M + +1); 

Anal. Calcd for CacH^NgC^ 0.5 H 2 0: C, 66.41 ; H, 6.13; N, 7.74. 
Found: C, 66.60; H, 6.23; N, 7.46. 

5 

Example 132 

trans-4-(4-(5-Chloro-2-fluoro-4-((1-methyl-1H-3^ 
cyclohexanecarboxylic acid : 

10 

(Step 1) Synthesis of methyl 4-(4-N-benzyloxycarbonyl-(3S)-morphollnylmethoxy)benzoate 
[1277] 




20 

[1278] In THF (15 ml) were dissolved 4-N-benzyloxycaifconyl-(3S)-morpholinemethanol (1 .42 g, 5.65 mmol), methyl 
4-hydroxybenzoate (860 mg, 5.65 mmol) and triphenylphosphine (1 .93 g, 7.35 mmol). To the resulting solution was 
added DIAD (1 .44 ml, 7.35 mmol). The resulting mixture was heated under reflux for 18 hours. The reaction mixture 
was cooled to room temperature and distilled under reduced pressure to remove the solvent. The residue was purified 
25 by chromatography on a silica gel column (middle pressure chromatography system: YAMAZEN YFLC-5404-FC, chlo- 
roform, <J> 37 mm x 300 mm, 12 ml/min) to give methyl 4-(4-N-benzyloxycarbonyl-(3S)-morpholinylmethoxy)benzoate 
(2.18 g, 100%) as a colorless oil. 

1 H-NMR (CDCI 3 ) 8: 3.20-4.40 (m, 9H) , 3.88 (d, J=7.8Hz, 3H) , 4.96 (m, 2H), 6.88 (d, J=8.8Hz, 2H). 7.54 (m, 5H), 7.90 
(d, J=8.8Hz, 2H). 
30 MS(ESI)m/z,386(M + +1). 

(Step 2) Synthesis of methyl 4-(4-tert-butoxycarbonyl-(3S)-morpholinyImethoxy)cyclohexanecarboxylate 

[1279] 



40 




[1280] In methanol/trifluoroacetic acid (40 ml, 1 :1) was dissolved methyl 4-(4-N-benzyloxycarbonyl-(3S)-morpholi- 
nylmethoxy)benzoate (2.18 g, 5.65 mmol). To the resulting solution was added 50% rhodium-alumina/carbon (1 g), 

45 followed by catalytic hydrogenation at room temperature for 48 hours under hydrogen of 5 atm. From the reaction 
mixture, the catalyst was filtered off. The filtrate was distilled under reduced pressure to remove the solvent. The residue 
was dissolved in THF (20 ml). Triethylamine (3.9 ml, 28.3 mmol) and di-tert-butyl dicarbonate (1 .85 g, 8.5 mmol) were 
added and the resulting mixture was stirred for 18 hours at room temperature. From the reaction mixture, the solvent 
was distilled off under reduced pressure. Water was added to the residue and the mixture was extracted with ethyl 

50 acetate. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column (middle 
pressure chromatography system: YAMAZEN YFLC-5404-FC) to give methyl 4-(4-tert-butoxycarbonyl-(3S)-morpholi- 
nylmethoxy)cyclohexanecarboxylate as a thick sticky liquid. 
MS (ESI)m/z252 (M + +1). 

55 
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(Step 3) Synthesis of methyl trans-4-(4-tert-butoxycarbonyl- (3S)-moroholinylmethoxy)cyclohexanecarboxylate 
[1281] 




[1 282] The cis- and trans- mixture of methyl 4-(4-tert-butoxycarbonyl-(3S)-morpholinylmethoxy)cyclohexanecarbox- 
ylate (450 mg, 1 .21 mmol) prepared in the above-described step was separated by silica gel column chromatography 
(Biotage, flush chromatography No. 2, 195-s, toluene/ethyl acetate, 9:1) to give methyl trans-4-(4-tert-butoxycarbo- 
nyl-(3S)-morpholinylmethoxy)cyclohexanecarboxylate (45 mg, 10%) as a colorless oil. 

1 H-NMR (CDCI 3 ) 5: 1 .28 (m, 2H), 1.42 (m, 2H), 1.48 (s, 9H), 2.05 (m, 4H), 2.2B (m, 1H), 3.02 (m, 1H) t 3.25 (m, 1H), 
3.48 (m, 4H), 3.65 (s, 3H), 3.70 (t, 3=9.1 Hz, 1H), 3.83 (d, J=8.3Hz, 1H), 3.96 (d, J=11.3Hz, 2H). 
MS (ESI) m/z 357 (M++ 1). 

(Step 4) Synthesis of methyl trans-4-((3S)-morpholinylmethoxy)cyclohexanecarboxylate 
[1283] 



[1284] Methyl trans-4-(4-tert-butoxycarbonyl-(3S)-morpholinylmethoxy)cyclohexanecarboxylate (45 mg, 0.13 mmol) 
was dissolved in methylene chloride/trifluoroacetic acid (15 ml, 2:1). The resulting solution was stirred for 2 hours at 
room temperature. From the reaction mixture, the solvent was distilled off under reduced pressure. The residue was 
neutralized with a saturated aqueous solution of sodium bicarbonate. After extraction with ethyl acetate, the extract 
was washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to 
remove the solvent to give methyl trans-4-((3S)-morpholinylmethoxy)cyclohexanecarboxylate (29 mg, 91 %) as a color- 
less oil. 

1 H-NMR (DMSO) 5: 1 .20 (m, 2H), 1 .48 (AB type q, J=1 0.5Hz, 2H), 2.05 (m, 9H), , 2.88 (m, 1 H), 2.95 (m, 1 H), 3.00 (m, 
1H) , 3.20 (m, 1H) , 3.25 (m, 2H) , 3.40 (dd, J=4.0,8.8Hz, 1H), 3.53 (dt, J=3.0,10.5Hz, 1H), 3.66 (s, 3H), 3.77 (dt, 
J=2.5,8.8Hz, 2H). 
MS (ESI) m/z 258 (M+1) + . 

(Step 5) Synthesis of trans-4-(4-(5-chloro-2-fluoro-4-((1-methyl-1H-3-indolylcarbonyl)amino)phenylacetyl)-(3S)- 
morpholinylmethoxy)cyclohexanecarboxylic acid 

[1285] 



5 n 




[1286] In DMF (2.5 ml), methyl trans-4-((3S)-morpholinylmethoxy)cyclohexanecarboxylate (29 mg, 0.11 mmol), 
(5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)aceticacid (41 mg, 0.1 mmol), EDC HCI (33 mg, 0.17 
mmol), HOBt (29 mg, 0.21 mmol), and DMAP (catalytic amount) were stirred for 18 hours at room temperature. The 
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resulting mixture was diluted with ethyl acetate (50 ml). The diluted mixture was washed with 1N HCI and saturated 
brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure. To the residue were added THF 
(6 ml) and 0.25M NaOH (0.68 ml, 0.17 mmol) and the mixture was stirred for 18 hours at room temperature. The 
reaction mixture was distilled under reduced pressure to remove the solvent. To the residue was added 1N HCI. The 
5 crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 
reduced pressure to give the title compound (57 mg, 86%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 6 1 .20 (m, 3H), 1 .35 (m, 3H) , 1 .92 (m, 3H) , 2.1 8 (m, 1 H) , 2.90 (m, 1 H), 3.52 (m, 2H), 3.50-3.85 
(m, 7H), 3.88 (s, 3H), 4.05 and 4.30 (2m, total, 2H), 7.22 (t, J=7.0Hz, 1H), 7.28 (t, J=7.5Hz, 1H), 7.40 (dd, J=7.8Hz, 
1 9.1 HZ, 1 H), 7.55 (d, J=8.3Hz, 1 H), 7.70 (dd, J=5.8Hz, 1 0.7Hz, 1 H), 8.1 5 (d, J=8.6Hz, 1 H), 8.31 (s, 1 H), 9.31 (s, 1 H) . 
10 MS(ESI)m/z587(M+1) + ; 

Anal. Caicd for C 30 H33CIFN 3 O 6 : C, 61.48; H, 5.68; N, 7.17. 
Found: C, 61 .06; H, 5.73; N, 6.88. 

Example 133 

15 

trans-4-(1-(5-Chloro-2-fluoro-4-((1-methyMH^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid : 

(Step 1) Synthesis of (2R, 5S)-2-phenyl-3-oxa-1-azabicyclo(3.3.0)octan-8-one 

20 

[1287] 



-a 

30 [1288] In toluene (500 ml), (5S)-hydroxymethylpyrrolidin-2-one (72 g, 0.63 mol), benzaldehyde (79.6 g, 0.75 mol) 
and p-toluenesuffonic acid (1 .6 g, 9.4 mmol) were heated under reflux for 48 hours by using a Dean-Stark water sep- 
arator. After the reaction mixture was cooled to room temperature, water (300 ml) was added thereto, followed by 
extraction with ethyl acetate. The extract was washed with a saturated aqueous solution of sodium bicarbonate and 
saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. 

35 The residue was distilled under reduced pressure to give (2R,SS)-2-phenyl-3-oxa-1 -azabicyclo(3.3.0)octan-8-one (71 
g, 56%) as a pale yellow oil. 

1 H-NMR (CDCI 3 ) 5: 1.95 (m, 1H), 2.30 (m, 1H), 2.58 (m, 1H), 2.80 (m, 1H), 3.48 (t, J=8.0Hz, 1H), 4.15 (m, 1H), 4.24 
(m, 1H), 6.32 (s, 1H), 7.32 (m, 3H), 7.40 (m, 2H). 
MS (ESI) m/z204 (M+1) + . 

40 

(Step 2) Synthesis of (2R,5S,7S)-7-methyl-2-phenyl-3-oxa-1 -azabicyclo(3.3.0)octan-8-one 



[1289] 



45 



50 



[1290] To a solution of (2R,5S)-2-phenyl-3-oxa-1-azabicyclo(3.3.0)octan-8-one (5.08 g, 25 mmol) in THF (30 ml), 
lithium diisopropylamide (a 2.0M solution in THF, 13.1 ml, 26.3 mmol) was added dropwise at -78°C under stirring. 
After the reaction mixture was stirred at the same temperature for 15 minutes, methyl iodide (7.78 ml, 125 mmol) was 
55 added thereto and stirring was conducted further for 30 minutes at -40°C. The reaction mixture was poured in an ice 
- saturated aqueous solution of ammonium chloride, followed by extraction with ethyl acetate. The extract was washed 
with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the 
solvent. The residue was purified by silica gel column chromatography (middle pressure Yamazen, linear gradient of 
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n-hexane/ethyl acetate form 4:1 to 1:1, 30 ml/min, $ 50 mm x 300 mm, range 0.32) to give (2R,5S,7S)-7-methyl- 
2-phenyl-3-oxa-1-azabicyclo(3.3.0)octan-8-one (3.8 g, 70%) as a colorless oil. 

1 H-NMR (CDC! 3 ) 8: 1.23 (d, J=7.3Hz, 3H), 1.54 (m, 1H, 3-H), 2.62 (m, 1H), 2.95 (m, 1H, 4-H), 3.52 (t, J=7.5Hz, 1H), 
- 4.09 (t, J=7.5Hz, 1 H, 2-H), 4.22 (dd, J=6.5,8.0Hz), 6.33 (s, 1 H), 7.32 (m, 3H), 7.46 (m, 2H). 
5 MS(ESI)m/z218(M+1) + . 

(Step 3) Synthesis of 1-N-benzyloxycarbonyl-(4S)-methyl-(2S)-pyrrolldinylmethanol 

[1291] 

10 



15 




[1292] Lithium aluminum hydride (1.05 g, 26.2 mmol) was suspended in THF (10 ml). To the resulting suspension, 

20 a solution of (2R 1 5S,7S)-7"methyl-2-phenyl-3-oxa-1-azabicyclo(3.3.0)octan-8-one (3.79 g, 17.5 mmol) in THF (30 ml) 
was added dropwise under stirring at 60°C. After completion of the dropwise addition, the reaction mixture was heated 
under reflux for 1 hour. The reaction mixture was cooled to room temperature and then, poured in sodium thiosulfate 
(6.5 g, 26.2 mmol) and ice (500 cm 3 ), followed by extraction with ethyl acetate (500 ml). The extract was washed with 
saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. 

25 Ethanol/acetic acid (45 ml, 1:2) and 10% palladium carbon (400 mg) were added to the residue and the resulting 
mixture was subjected to catalytic reduction for 24 hours under a hydrogen gas of 3.5 atm. From the reaction mixture, 
the catalyst was filtered off. The filtrate was distilled under reduced pressure to remove the solvent. Toluene was added 
to the residue to azeotropically remove water. To the residue were added THF/water (4:1 , 35 ml) and potassium car- 
bonate (2.54 g, 18.4 mmol). Benzyloxycarbonyl chloride (a 30-35% toluene solution, 10.2 ml, 17.9 mmol) was added 

30 dropwise while stirring the resulting mixture at 0°C. After completion of the dropwise addition, the reaction mixture was 
stirred further for 30 minutes at the same temperature. The reaction mixture was poured in a cooled solution of ethyl 
acetate and a saturated aqueous solution of ammonium chloride and the mixed solution was extracted with ethyl 
acetate. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under 
reduced pressure to remove the solvent. The residue was purified by silica gel column chromatography (middle pres- 

35 sure Yamazen, linear gradient of n-hexane/ethyl acetate form 4:1 to 7:3, 30 ml/min, § 50 mm x 150 mm, range 0.32) 
to give 1-N-benzyloxycarbonyl-(4S)-methyl-(2S)-pyrrolidinylmethanol (2.46 g, 56%) as a colorless oil. 
1 H-NMR (CDCI 3 ) 6: 1.01 (d, J=6.1Hz, 3H), 1.12 (AB type q, J=12.5Hz ( 4-H), 1.70 (br, 1H), 2.18 (m, 2H), 2.82 (t, 
J=1 0.5Hz), 3.63 (dd, J=7.4Hz/11 .8Hz/ 1H) , 3.72 (m, 1H), 3.79 (t, J=8.5Hz), 3.98 (m, 1H), 5.14 (s/2H), 7.36 (m, 5H). 
MS (ESI) m/z250 (M+1) + . 

40 

(Step 4) Synthesis of methyl 4-(1-N-benzyloxycarbonyl-(4S)-methyl-(2S)-pyrrolidinylmethoxy)benzoate 
[1293] 

45 



50 




[1294] In methylene chloride (40 ml) were dissolved 1-N-benzytoxycarbonyl-(4S)-methyl-(2S)-pyrrolidinylmethanol 
ss (2. 06 g, 8.26 mmol) and triethylamine (3.45 ml, 24.8 mmol). Under stirring at 0°C, methanesulfonyl chloride (1.15 ml, 
14.9 mmol) was added dropwise to the resulting solution. The reaction mixture was diluted with ethyl acetate and the 
diluted mixture was poured in 1 M HCI, followed by extraction with ethyl acetate. The extract was washed with saturated 
brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. To the 
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residue were added DMF (40 ml), potassium carbonate (1.71 g, 12.4 mmol) and methyl 4-hydroxybanzoate (3.77 g, 
24.8 mmol). The resulting mixture was stirred at 1 00°C for 2 hours. The reaction mixture was cooled to room temper- 
ature, and ether and water were added thereto, followed by extraction with ether. The extract was washed with 1M 
NaOH (3 times) and saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure 
5 to remove the solvent. The residue was purified by silica gel column chromatography, whereby from n-hexane/ethyl 
acetate (9:1 to 7:3) eluate fractions, 4-(1-N-benzyloxycarbonyl-(4S)-methyl-(2S)-pyrrolidinylmethoxy)benzoate (2.27 
g, 72%) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 8: 1 .08 (m, 3H), 1 .61 (m, 1 H), 2.20 (m, 1 H), 2.31 (m, 1 H), 2.88 (t, J=1 0.2Hz, 1 H), 3.80-4.00 (m, 2H), 
3.89 (s, 3H), 4.20 (m, 2H), 5.12 (m, 2H), 6.78 and 6.92 (d, J=8.1 Hz, total 2H), 7.32 (m, 5H), 7.90 and 7.92 (d, J=7.8Hz, 
10 total 2H). 

MS (ESI)m/z384 (M+1)+. 

(Step 5) Synthesis of methyl trans-4-(1-N-tert-butoxycarbonyl- (4S)-methyl-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 

15 

[1295] 



20 



25 




[1296] To methyl 4-(1 -N-benzyloxycarbonyl-(4S)-methyl-(2S)-pyrrolidinylmethoxy)benzoate (2.27 g, 5.92 mmol) and 
5% palladium carbon (389 mg) was added methanol/acetic acid (30 ml, 10:1) and the resulting mixture was subjected 

30 to catalytic reduction at room temperature under a hydrogen gas of 2 atm for 1 8 hours. From the reaction mixture, the 
catalyst was filtered off. To the filtrate were added acetic acid (10 ml) and rhodium-alumina (700 mg) and catalytic 
hydrogenation was effected at room temperature under a hydrogen gas of 4 atm for 24 hours. From the reaction mixture, 
the catalyst was filtered off. The filtrate was distilled under reduced pressure to remove the solvent. To the residue 
were added methylene chloride (30 ml), triethylamine (2,48 ml, 17.8 mmol) and di-tert-butyl dicarbonate (1 .94 g, 8.89 

35 mmol). The resulting mixture was stirred at room temperature for 3 hours. To the reaction mixture was added 15% 
citric acid, followed by extraction with chloroform. The extract was washed with saturated brine, dried over anhydrous 
magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by silica gel 
column chromatography (middle pressure Yamazen, linear gradient of n-hexane/ethyl acetate form 9:1 to 1 :1 ). To the 
purified product were added ethanol (50 ml) and sodium ethoxide (3.02 ml, 8.9 mmol) and the mixture was heated 

40 under reflux for 18 hours. The reaction mixture was basified with 1M NaOH. The reaction mixture was heated under 
reflux furtherfor 3 hours. After cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. 
To the residue was added 15% citric acid, followed by extraction with a chloroform/methanol mixture. The extract was 
dried over sodium sulfate and distilled under reduced pressure to remove the solvent. To the residue were added THF/ 
DMF (30 ml, 2:1), ethyl iodide (2.4 ml, 29.5 mmol) and DBU (1 .33 ml, 8.8 mmol) and the resulting mixture was stirred 

45 for 18 hours. To the reaction mixture was added 15% citric acid, followed by extraction with ethyl acetate. The extract 
was washed with saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced pressure to 
remove the solvent. The residue was purified by silica gel column chromatography (Biotage, KP-SIL, 32-63 m, 1000 
g, n-hexane/ethyl acetate 9:1) to give methyl trans-4-(1-N-tert-butoxycarbonyl-(4S)-methyl-(2S)-pyrrolidiny!methoxy) 
cyclohexanecarboxylate (404 mg, 19%) as colorless oil. 

so 1 H-NMR (DCI3) 5: 1 .03 (d, J=6.6Hz, 3H), 1 .25 (t, J=7.3Hz, 3H), 1 .25-1 .70 (m, 6H), 1 .46 (s, 9H), 1 .82 (m, 3H), 2.1 0 (m, 
1 H), 2.20 (m, 1 H), 2.32 (m, 1 H), 2.70 (t, J=10.0Hz, 1 H), 3.35-3.90 (m, 4H), 3.62 (dd, J=3.0,9.0Hz, 1 H), 4.1 2 (q, J=7.3Hz, 
2H). 

MS (ESI) m/z 392 (M+Na)+ 

55 
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(Step 6) Synthesis of trans-4-(1 -(5-chloro-2-fluoro-4-((1 -methyl-1 H-3-indolylcarbonyl)amino)phenylacetyl)-(4S)- 
methyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1297] 



5 



10 




r 



15 [1 298] To methyl trans-4-(1 -N-tert-butoxycaitonyl-(4S)-methyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
(147 mg, 0.397 mmol) were added methylene chloride (15 ml) and trifluoroacetic acid (15 ml). The resulting mixture 
was stirred at room temperature for 1 hour. From the reaction mixture, the solvent was distilled off under reduced 
pressure. To the residue was added chloroform/a saturated aqueous solution of sodium bicarbonate, followed by ex- 
traction with chloroform. The extract was dried over anhydrous sodium sulfate and distilled under reduced pressure to 

20 remove the solvent. The residue was dissolved in DMF (5 ml) and (5-chloro-2-fluoro-4-((1 -methyl-1 H-3-indolylcarbonyl) 
amino)phenyl)acetic acid (143 mg, 0.397 mmol), HOBt (102 mg, 0.75 mmol), DMAP (catalytic amount) and EDC-HCI 
salt (114 mg, 0.6 mmol) were added to the solution. The mixture was stirred at room temperature for 18 hours. The 
reaction mixture was poured in 1 M HCI, followed by extraction with ethyl acetate. The extract was washed with saturated 
brine and dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The residue 

25 was purified by column chromatography using silica gel (middle pressure Yamazen, chloroform, 1 0 ml/min, $ 15 mm 
x 300 mm). To the purified product were added THF (6 ml) and 0.25M NaOH (3.6 ml, 0.9 mmol) and the mixture was 
stirred for 18 hours at room temperature. The reaction mixture was poured in water. The solution was acidified with 
1M HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and 
dried under reduced pressure to give the title compound (110 mg, 48%) as a colorless solid. 

30 1H-NMR (DMSO-d 6 ) 8: 1.12 (d, J=5.5Hz, 3H) , 1.10-1.50 (m, 6H), 1.85-2.15 (m, 6H), 2.60 (m, 1H), 2.90 (t, J=10.5Hz, 
1H), 3.12 (m, 1H), 3.50-4.20 (m, 5H), 2.90 (s, 3H), 7.21 (t, J=7.5Hz, 1H), 7.29 (t, J=7.5Hz, 1H), 7.42 (d, J=7.5Hz, 1H), 
7.57 (d, J=8.1Hz, 1H), 7.70 (m, 1H), 8.16 (d, J=7.8Hz, 1H), 8.32 (s, 1H). 
MS (ESI) m/z 585 (M+1) + ; 

Anal. Calcd for C 31 H3 5 CIFN 3 O 5 .0.5 H 2 0: C, 62.78; H, 6.12; N, 7.08. 
35 Found: C, 62.58; H, 5.98; N, 7.35. 



trans^-(1-(7-Fluoro-2-(5-fluoro-2-methylphenyta 
40 cyclohexanecarboxylic acid: 

(Step 1 ) Synthesis of trans4-(1 -(7-fluoro-2-(5-fluoro-2-methylphenylamino)-6-benzoxazolyl)acetyl)-(4S)-methyl-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1 300] To methyl trans-4-(1 -N-tert-butoxycarbonyl-(4S)-methyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
(147 mg, 0.397 mmol) were added methylene chloride (15 ml) and trifluoroacetic acid (15 ml). The resulting mixture 
55 was stirred at room temperature for 1 hour. The reaction mixture was distilled under reduced pressure to remove the 
solvent. To the residue was added chloroform/a saturated aqueous solution of sodium bicarbonate, followed by ex- 
traction with chloroform. The extract was dried over anhydrous sodium sulfate and the reaction mixture was distilled 
under reduced pressure to remove the solvent. The residue was dissolved in DMF (5 ml) and to the resulting solution, 



Example 134 



45 [1299] 



50 




300 
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7-fluoro-2-(5-fluoro-2-methylphenylamino)-6-benzoxazolyl)acetic acid (126 mg, 0.397 mmol), HOBt (102 mg, 0.75 
mmol), DMAP (catalytic amount) and EDCHCI salt (114 mg, 0.6 mmol) were added. The resulting mixture was stirred 
at room temperature for 1 8 hours. The reaction mixture was poured in 1 M HC! followed by extraction with ethyl acetate. 
The extract was washed with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced 

5 pressure to remove the solvent. The residue was purified by silica gel column chromatography (middle pressure Yama- 
zen, chloroform, 10 ml/min, $ 15 mm x 300 mm). To the purified product were added THF (6 ml) and 0.25M NaOH (3.6 
ml, 0.9 mmol) and the mixture was stirred for 1 8 hours at room temperature. The reaction mixture was poured in water. 
The solution was acidified with 1 M HCI. The crystals thus precipitated were collected by filtration under reduced pres- 
sure, washed with water and dried under reduced pressure to give the title compound (1 29 mg, 60%) as a colorless solid. 

10 1 H-NMR (DMSO-d 6 ) 5: 1.01 (d, J=6.0Hz, 3H) , 1.05-1.50 (m, 6H), 1.80-2.20 (m, 6H), 2.30 (s, 3H), 2.50 (m, 1H), 2.95 
(t, J=9.8Hz, 1H), 3.12 (m, 1H), 3.40-3.60 (m, 3H), 5.71 (s, 1H), 5.80-4.00 (m, 1H), 6.90 (dt, J=2.5,8.3Hz, 1H), 7.06 (d, 
J=7.8Hz, 1H), 7.20 (d, J=8.0Hz, 1H), 7.26 (t, J=7.5Hz, 1H), 7.92 (dd, J=2.5,11 .3Hz, 1H). 
MS (ESI) nVz 542 (M+1) + ; 

Anal. Calcd for CggH^NaOg.O.S H 2 0: C, 63.26; H, 6.32; N, 7.63. 
15 Found: C, 63.34; H, 6.17; N, 7.64. 

Example 135 

trans-4-(1-(5-Chloro-2-fluoro-4-((1-methyl-1H-3-indazoIylcamonyl)amino)phenylacetyl)(4S)-methyl-(2S)- 
20 pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of trans-4-(1-(5-chloro-2-fluoro-4-((1-methyl-1H-3-indazolylcarbonyl)amino)phenylacetyl) (4S)- 
methyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



35 [1 302] To methyl trans-4-(1 -N-tert-butoxycarbonyl-(4S)-methyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
(147 mg, 0.397 mmol) were added methylene chloride (15 ml) and trifluoroacetic acid (15 ml). The resulting mixture 
was stirred at room temperature for 1 hour. The reaction mixture was distilled under reduced pressure to remove the 
solvent. To the residue was added chloroform/a saturated aqueous solution of sodium bicarbonate, followed by ex- 
traction with chloroform. The extract was dried over anhydrous sodium sulfate and distilled under reduced pressure to 

40 remove the solvent. The residue was dissolved in DMF (5 ml). To the resulting solution were added (2-fluoro-5-chloro- 
4-((1-methyl-1H-3-indazolylcarbonyl)amino)phenyl)acetic acid (144 mg, 0.397 mmol), HOBt (102 mg, 0.75 mmol), 
DMAP (catalytic amount) and EDC-HCl (114 mg, 0.6 mmol) and the mixture was stirred at room temperature for 18 
hours. The reaction mixture was poured in 1M HCI, followed by extraction with ethyl acetate. The extract was washed 
with saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the 

45 solvent. The residue was purified by silica gel column chromatography (middle pressure Yamazen, chloroform, 1 0 ml/ 
min, <(> 15 mm x 300 mm). To the purified product were added THF (6 ml) and 0.25M NaOH (3.6 ml, 0.9 mmol) and 
mixture was stirred for 1 8 hours at room temperature. The reaction mixture was poured in water and the solution was 
acidified with 1M HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with 
water and dried under reduced pressure to give the title compound (89 mg, 38%) as a colorless solid. 

50 1 H-NMR (DMSO-d 6 ) 5: 1.03 (d, J=6.1Hz, 3H), 1.10-1.50 (m, 6H), 1.83-2.20 (m, 6H) ( 2.50 (m, 1H), 2.90 (t, J=9.5Hz, 
1H), 3.13 (m, 1H), 3.50-4.05 (m, 5H), 4.21 (s, 3H), 7.39 (t, J=7.5Hz, 1H), 7.48 (d, J=7.5Hz, 1H), 7.54 (t, J=7.5Hz, 1H), 
7.82 (d, J=8.6Hz, 1H), 8.08 (d, J=7.5Hz, 1H), 8.21 (d, J=8.3Hz, 1H). 
MS (ESI) m/z 586 (M+1) + ; 

Anal. Calcd for CaoH^CIFI^Og-OTS H 2 0: C, 60.20; H, 5.98; N, 9.36. 
55 Found: C, 60.49; H, 5.99; N, 9.1 0. 
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Example 136 



trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indo^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 



5 



(Step 1 ) Synthesis of benzyl (2S)-N-tert-butoxycarbonylamino-5-oxohexanoate 



[1303] 



10 




Boc 



15 



[1304] Benzyl N-tert-butoxycarbonyl-(2S)-pyrogIutamate (20.5 g, 64.2 mmol) was dissolved in THF (500 ml). Methyl 
lithium (a 1 .04M ether solution, 61 .7 ml, 64.2 mmol) was added dropwise at -78°C. The temperature of the reaction 
mixture was caused to rise back gradually to room temperature under stirring, and the resulting mixture was stirred for 
18 hours. A saturated aqueous solution of ammonium chloride was added and the resulting mixture was concentrated 
20 under reduced pressure. The concentrate was extracted with ether. The extract was washed with saturated brine, dried 
over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from hexane/ethyl acetate (3/1) eluate fractions, benzyl (2S)-N- 
tert-butoxycaroonylamino-5-oxohexanoate (8.37 g, 39%) was obtained as a yellow oil. 

1 H-NMR (CDCI 3 ) 5: 1.43 (s, 9H), 1 .61 -2.15 (series of m, 3H), 2.09 (s, 3H), 2.41-2.55 (m, 2H), 4.30 (brs, 1H), 4.70 (d, 
25 J=5.6Hz, 1H), 5.12-5.21 (m, 2H), 7.29-7.37 (m, 5H) ; 
MS (ESI) m/z 336 (M++H). 

(Step 2) Synthesis of N-tert-butoxycarbonyl-(5S)-methyl-(2S)-pyrrolidinylmethanol 



[1306] To (2S)-N-tert-butoxycarbonylamino-5-oxohexanoate (7.61 g, 22.7 mmol) were added methylene chloride (50 
ml) and trifluoroacetic acid (20 ml). The mixture was stirred at room temperature for 1 hour. The reaction mixture was 
distilled under reduced pressure to remove the solvent. Toluene was added to the residue to azeotropically remove 

40 excessive trifluoroacetic acid under reduced pressure. To the residue were added 1 0%-palladium/carbon (500 mg) 
and methanol (100 ml) to conduct catalytic reduction at room temperature under normal pressure. From the reaction 
mixture, the catalyst was filtered off and the filtrate was distilled under reduced pressure to remove the solvent to obtain 
a brown oil. To the resulting oil were added di-tert-butyl dicarbonate (7.43 g, 34.0 mmol), methano l/water (6/1 , 140 ml) 
and 1 N NaOH (56.7 ml, 56.7 mmol). The resulting mixture was stirred at room temperature for 30 minutes. The reaction 

45 mixture was concentrated under reduced pressure, followed by extraction with a chloroform/methanol (1 0/1) mixture. 
The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from hexane/ethyl acetate (1/3) eluate frac- 
tions, an oil was obtained. The oil was dissolved in THF (100 ml) and under stirring at room temperature, borane- 
dimethyl sulfide (an about 1 0M solution, 4.54 ml, 45.4 mmol) was added. The resulting mixture was stirred at 60°C for 

50 1 hour. After cooling, ice water and 1N HCI were added, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane/ethyl acetate 
(1/1) eluate fractions, N-tert-butoxycarbonyl-(5S)-methyl-(2S)-pyrrolidinylmethanol (2.03 g, total 42%) was obtained 
as a colorless oil. 

55 1 H-NMR (CDCI3) 5: 1.17 (d, J=6.0Hz, 3H), 1.48 (s, 9H), 1.48-1.64 (m, 2H), 1.90-2.11 (m, 2H), 3.52-3.57 (m, 1H), 
3.68-3.70 (m, 1H), 3.94-4.13 (m, 2H). 



30 [1305] 



35 
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(Step 3) Synthesis of methyl 4-(N4ert-butoxycart3onyl-(5S)-methyl-(2S)-pyrrolidinylmethoxy)benzoate 
[1307] 

5 




10 

[1308] In THF (50 ml were dissolved N-tert-butoxycarbonyl-(5S)-methyl-(2S)-pyrroltdinylmethanol (2.02 g, 9.38 
mmol), triphenylphosphine (2.95 g, 11.3 mmol) and methyl 4-hydroxybenzoate (1.43 g, 9.38 mmol). To the resulting 
solution was added diisopropyl azodicarboxylate (2.1 4 ml, 1 0.3 mmol) and the mixture was stirred at room temperature 
for 1 8 hours. The reaction mixture was distilled under reduced pressure to remove the solvent. The residue was purified 
'5 by chromatography on a silica gel column, whereby from hexane/ethyl acetate (3/1 ) eluate fractions, methyl 4-(N-tert- 
butoxycarbonyl-(5S)-methyl-(2S)-pyrrolidinylmethoxy)benzoate (3.27 g, 100 %) was obtained as a colorless oil. 
1 H-NMR (CDCI 3 ) 6: 1 .24 (brs, 3H), 1 .49 (s, 9H) t 1.55-1 .70 (m, 2H), 1 .94-2.11 (m, 2H), 3.88 (s, 3H), 3.88 (overlap, 1H), 
4.06-4.20 (m, 2H), 6.93-6.96 (m, 2H), 7.97 (d, J=8.8Hz, 2H). 
MS (ESI) m/z 350 (M + +H). 

20 

(Step 4) Synthesis of methyl trans-4-((5S)-methyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
[1309] 

25 




••COjMe 



30 

[1310] In methanol/acetic acid (10/1 , 55 ml), methyl 4-(N-tert-butoxycarbonyl-(5S)-methyl-(2S)-pyrrolidinylmethoxy) 
benzoate (3.27 g, 9.34 mmol) and 5% rhodium-alumina (0.52 g) were stirred at room temperature for 18 hours under 
a hydrogen gas of 20 atm. From the reaction mixture, the catalyst was filtered off and then, the solvent was distilled 
off under reduced pressure. The residue was purified by chromatography on a silica gel column, whereby from hexane/ 

35 ethyl acetate (3/1) eluate fractions, methyl 4-((5S)-methyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (1 .74 g, 
52%) was obtained as a colorless oil. Under a nitrogen gas stream, methyl 4-((5S)-methyl-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate (1 .73 g, 4.87 mmol) was dissolved in methanol (50 ml). To the resulting solution was added 
sodium methoxide (800 mg, 14.6 mmol) and the mixture was stirred for 24 hours. After cooling, 1 N HCI was added 
and the resulting mixture was concentrated under reduced pressure. The concentrate was extracted with a chloroform/ 

40 methanol (10/1) mixture. The extract was dried over anhydrous sodium sulfate and distilled under reduced pressure 
to remove the solvent. The residue was dissolved in benzene/ methanol (5/1 , 30 ml). Under stirring at 0°C, trimethyl- 
silyldiazomethane (a 2.0M hexane solution) was added dropwise to the solution. After completion of the dropwise 
addition, the reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was then distilled under 
reduced pressure to remove the solvent, and the residue was purified by flash column chromatography using silica 

45 gel, whereby from hexane/ethyl acetate (8/1 ) eluate fractions, methyl trans-4-(N-tert-butoxycarbonyl-(5S)-methyl-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate (700 mg, 40%) was obtained as an oil. The product was dissolved into 
methylene chloride (30 ml), and trifluoroacetic acid (10 ml) was added to the resulting solution. The mixture was stirred 
at room temperature for 7 hours. From the reaction mixture, the solvent was distilled off under reduced pressure. To 
the residue was added a saturated aqueous solution of sodium bicarbonate, followed by extraction with chloroform/ 

so methanol (10/1 ). The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent to give methyl trans-4-(5S)-methyl-(2S)-pyn-olidinylmethoxy)cyclohexanecarboxylate (502 mg, 100 %) as 
a pate yellow oil. 

1 H-NMR (CDCI3) 5: 1.17 (d, J=6.0Hz, 3H) , 1.94-1.33 (m, 3H), 1.41-1.54 (m, 3H), 1.76-1.90 (m, 2H), 1.98-2.08 (m, 
3H), 2.22-2.29 (m, 3H), 3.14-3.30 (m, 3H), 3.39 (dd, J=6.4, 9.2Hz, 1H), 3.52 (dd, J=4.4,9.6Hz, 1H), 3.66 (s, 3H). 

55 
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(Step 5) Synthesis of methyl trans-4-(1-((5K;hloro-2-fluoro^-((1-m 
methyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[1311] 



10 




15 [131 2] In DMF (10 ml), HOBt (21 .0 mg, 0.1 6 mmol) was added to (5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl) 
amino)phenyl)acetic acid (283 mg, 0.78 mmol), methyl trans-4-((5S)-methyl-(2S)-pyrrolidinylmethoxy)cyclohexylcar- 
boxylate (205 mg, 0.78 mmol) and EDC-HCI (165 mg, 0.86 mmol) and the resulting mixture was stirred for cyclohex- 
ylcarbon 1 8 hours. The reaction mixture was poured In water, followed by extraction with ethyl acetate. The extract 
was washed with water, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the 

20 solvent. The residue was purified by chromatography using a silica gel thin-layer plate, whereby from hexane/ethyl 
acetate (1/5) eluate fractions, methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolyl)carbonylamlno)phenyl) 
acetyl)-(5S)-methyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (404 mg, 86%) was obtained as a colorless 
amorphous substance. 

1 H-NMR (CDCI 3 ), mixture of rotamars, 5: 1 .20-1 .34 (m, overlap, 2H), 1 .29 and 1 .33 (d, J=6.4Hz, total 3H), 1 .42-2.31 
25 (series of m, 11 H), 3.23-3.27 (m, 1H) , 3.44-3.51 (m, 1H), 3.66-3.83 (m, 3H), 3.66 and 3.68 (s, total 3H), 4.14 (brs, 
2H) , 7.35-7.37 (m, 2H) , 7.42-7.44 (m, 2H), 7.82 (s, 1H), 8.13-8.16 (m, 1H), 8.30 (s, 1H), 8.49 and 8.52 (d, J=4.8Hz, 
total 1H). 

MS (ESI)m/z598 (M + +1). 

30 (Step 6) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indolyl)carbonylamino)phenyl)acetyl)- (5S)- 
methyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1313] 




[1314] Methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolyl)carbonylamino)phenyl)acetyl)-(5S)-methyl-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylate (388 mg, 0.65 mmol) was dissolved in THF/methanol (1/1 , 20 ml). To the 

45 resulting solution was added 0.25N NaOH (7.80 ml, 1 .95 mmol) and the resulting mixture was stirred at room temper- 
ature for 18 hours. The reaction mixture was poured in 1N HCI, followed by extraction with a chloroform/methanol 
(1 0/1 ) mixture. The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform/methanol 
(15/1) eluate fractions, the title compound (389 mg, 100%) was obtained as a colorless amorphous substance. 

50 1 H-NMR (CDCI3), mixture of rotamars, 6.1.15-1.27 (m, overlap, 2H), 1.22 and 1.26 (d, J=6.0Hz, total 3H), 1.37-2,30 
(series of m, 11H), 3.16-3.22 (m, 1H), 3.35-3.45 (m, 1H) , 3.52-3.79 (m, 3H), 3.82 (s, 3H), 4.09 (brs, 2H), 7.26-7.31 
(m, 2H), 7.34-7.37 (m, 2H), 7.75 (s, 1H), 8.05-8.08 (m, 1H), 8.23 (s, 1H), 8.41 and 8.44 (d, J=5.6Hz, total 1H) . 
MS (ESI) m/z 584 (M + +1) ; 

Anal, calcd for C 31 H3 5 CIFN 3 0 5 .1/4H 2 0: C, 63.26; H, 6.08; N, 7.14. 
55 Found : C, 63.33; H, 6.18; N, 7.14. 
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Example 137 

trans^-(1-((2-(5-Fiuoro-2-methylpte^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid : 

(Step 1) Synthesis of methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)- (5S)- 
methyl-(2S)-pyrrolidinylmethoxy)cycIohexanecarboxy!ate 



[1315] 

10 




[1316] In DMF (10 ml) were dissolved (2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid (182 
mg, 0.57 mmol), methyl trans-4-((5S)-methyl-(2S)-pyrrolidinylmethoxy)cyclohexylcarboxylate (1 46 mg, 0.57 mmol) and 

20 EDC-HCI (121 mg, 0.63 mmol). To the resulting solution was added HOBt (15.0 mg, 0.11 mmol), and the resulting 
mixture was stirred at room temperature for 1 8 hours. The reaction mixture was poured in water, followed by extraction 
with ethyl acetate. The extract was washed with water, dried over anhydrous sodium sulfate, and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography using a silica gel thin-layer plate (TLC), 
whereby from hexane-ethyl acetate (1/5) eluate fractions, methyl trans-4-(1-((2-(5-fluoro-2-methytphenylamino)- 

25 7-fluoro-6-benzoxazolyl)acetyl)-(5S)-methyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (276 mg, 87%) was ob- 
tained as a colorless amorphous substance. 

1 H-NMR (CDCI 3 ), mixture of rotamars, 8: 1 .22-2.24 (series of m, 13H), 1 .31 and 1 .33 (d, J=6.4Hz, total 3H), 3.20-3.29 
(m, 1 H), 3.43-3.52 (m, 1 H), 3.63-3.83 (series of m, 3H), 3.67 and 3.68 (s, total 3H) P 3.89 (s, 1 H), 4. 1 7 (brs, 2H), 6.74-6.78 
(m, 1H), 7.10-7.17 (m, 2H), 7.23 and 7.26 (d, J=2.0Hz, total 1H), 8.09 and 8.12 (d, J=4.0Hz, total 1H). 
30 MS(ESI)m/z556(M++2). 

(Step 2) Synthesis of trans-4-(1 -((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(5S)-methyl-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

35 [1317] 



40 




[1318] Methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(5S)-methyl-(2S)-pyr- 
45 rolidinylmethoxy)cyclohexanecarboxylate (264 mg, 0.48 mmol) was dissolved in THF/ methanol (1/1 , 20 ml). To the 

resulting solution was added 0.25N NaOH (5.70 ml, 1 .43 mmol) and the mixture was stirred at room temperature for 

1 7 hours. The reaction mixture was poured in 1 N HCI followed by extraction with a chloroform/methanol (1 0/1 ) mixture. 

The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 

residue was purified by chromatography on a silica gel column, whereby from chloroform/methanol (15/1) eluate frac- 
50 tions, the title compound (1 73 mg, 67%) was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI3), mixture of rotamars, 8: 1 .14-2.25 (series of m, 13H), 1 .31 and 1 .33 (d, J=6.4Hz, total 3H), 3.15-3.21 

(m, 1H), 3.35-3.44 (m, 1H), 3.58-3.75 (series of m, 3H), 3.82 (s, 1H), 4.10 (brs, 2H), 6.68-6.72 (m, 1H), 7.03-7.14 (m, 

3H), 7.80-7.83 (m, 1H). 

MS (ESI)m/z542 (M++1); 
55 Anal, calcd. forCggH^CIFs^Og: C, 64.31; H, 6.14; N, 7.76. 

Found : C, 64.02; H, 6.25; N, 7.52. 
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Example 138 

trans-4-(1 -(5-Chloro-2-fluoro-4-((1 -methyl-1 H-3-indolylcarbonyl)amino)phenylacety!)-(4S)-methoxymethyl-(2S)- 
pyrrolidinylmethoxyjcyclohexanecarboxylic acid 

(Step 1) Synthesis of (2R,5S,7S)-7-methoxymethyl-2-phenyl-3-oxa-1-azabicyc!o(3.3.0)octan-B-one 
[1319] 




[1320] To a solution of lithium diisopropylamide (110 mmol, 100 ml of THF, prepared from diisopropylamine (15.6 ml, 
110 mmol) and n-butyl lithium (70.1 ml, 1.57M, 110 mmol)) was added (2R,5S)-2-phenyl-3-oxa-1-azabicyclo(3.3.0) 
octan-8-one (10.2 g, 50 mmol) under stirring at -78°C. After stirring at the same temperature for 1 hour, a solution of 
chloromethyl methyl ether (5.7 ml, 75 mmol) in THF (50 ml) was added to the reaction mixture and stirring was conducted 
further at -78°C for 90 minutes. The reaction mixture was poured in a saturated aqueous solution of ammonium chloride, 
followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous magne- 
sium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by silica gel column 
chromatography (middle pressure Yamazen, linear gradient of n-hexane/ethyl acetate from 9:1 to 7:3, 30 ml/min, <J> 80 
mm x 300 mm, range 0.08) to give (2R,5S,7S)-7-methoxymethyl-2-phenyl-3-oxa-1 -azabicyclo(3.3.0)octan-8-one (1 .06 
g, 9%) as a colorless oil. 

1H-NMR (CDCI 3 ) 5: 1 .94 (m, 1 H/ H-6), 2.52 (m, 1 H, H-6), 3.09 (m, 1 H, H-7), 3.38 (s, 3H, OMe) , 3.53 (t, J=8.1 Hz, 1 H, 
H-4), 3.58 (dd, J=4.0,9.5Hz, 1H, CH 2 OMe), 3.67 (dd, J=5.4Hz, 9.4Hz, 1H, CH 2 OMe), 4.08 (m, 1H, H-5), 4.22 (ABtype 
d, J=6.4Hz, 1H, H-4), 6.30 (s, 1H, H-2), 7.32 (m, 3H, Ph), 7.43 (d, J=6.6Hz,2H, Ph). 
MS (ESI) m/z 248 (M+1)+ 

(Step 2) Synthesis of 1-N-benzyloxycarbonyl-(4S)-methoxymethyl-(2S)-pyrrolidinylmethanol 
[1321] 



\ 




[1322] Lithium aluminum hydride (0.56 ml, 12.8 mmol) was suspended in THF (7 ml). To the resulting suspension 
was added a solution of (2R,5S,7S)-7-methoxymethyl-2-phenyl-3-oxa-1-azabicyclo(3.3.0)octan-8-one (2.11 g, 8.5 
mmol) in THF (10 ml) under stirring at 60°C. The reaction mixture was heated under reflux for 1 hour. The reaction 
mixture was cooled and sodium thiosulfate (6.5 g, 26.2 mmol) and water (10 ml) were added thereto. The reaction 
mixture was filtered through Ceiite under reduced pressure. From the filtrate, the solvent was distilled off under reduced 
pressure. To the residue were added ethanol (1 0 ml), acetic acid (20 ml) and palladium-carbon and the resulting mixture 
was subjected to catalytic hydrogenation under normal pressure for 3 days. The reaction mixture was filtered to remove 
the catalyst and then the solvent was removed from the filtrate under reduced pressure. To the residue were added 
THF/water (4:1, 20 ml) and potassium carbonate (2.35 g, 17 mmol). Under stirring of the mixture at 0°C, benzyloxy- 
carbonyl chloride (a 30 to 35% toluene solution, 9.7 ml, 17 mmol) was added. The reaction mixture was stirred further 
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at room temperature for 24 hours. The reaction mixture was poured in ethyl acetate and a saturated aqueous solution 
of ammonium chloride, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
purified by silica gel column chromatography (middle pressure Yamazen, linear gradient of n-hexane/ ethyl acetate 
5 from 4:1 to 1 :9, 30 ml/min, $ 50 mm x 150 mm, range 0.32) to give 1 -N-benzyloxycarbonyl-(4S)-methoxymethyl-(2S)- 
pyrrolidinylmethanol (1.61 g, 69%) as a colorless oil. 

'H-NMR (CDCI 3 ) 6: 3.01 <m, 1H, 3-H), 2.18 (m, 1H, 3-H), 2.40 (m, 1H, 4-H), 3.08 (t, J=1 0.5Hz, 1H, 5-H), 3.30 (m, 1H, 
CH 2 ONe), 3.31 (s, 3H, OMe), 3.38 (dd, 3=4.5, 9.1Hz, 1H, CH 2 OMe), 3.62 (dd, J=7.2, 11.7Hz, 1H, CH 2 OH) , 3.70 (m, 
1H, CH 2 OH), 3.81 (t, J=9.0Hz, 1H, 5-H), 4.00 (m, 1H/ 2-H), 4.88 (br, 1 H, OH), 5.12 (AB type d, J=13.0Hz, 2H), 7.35 
10 (m, 5H, Ph). 

MS(ESI)m/z280 (M+1)+ 

(Step 3) Synthesis of methyl 4-(1-N-benzyloxycarbonyl-(4S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)benzoate 



[1324] In methylene chloride (20 ml) were dissolved 1-N-benzyloxycarbonyl-(4S)-methoxymethyl-(2S)-pyrrolidinyl- 
methanol (1 .6 g, 5.7 mmol) and triethylamine (4.8 ml, 34 mmol). To the resulting solution was added a solution of 
methanesulfonyl chloride (1 .6 ml, 21 mmol) in methylene chloride (8 ml) under stirring at 0°C. The reaction mixture 

30 was stirred for 1 hour at the same temperature. The reaction mixture was diluted with ethyl acetate and the solution 
was poured in 1 M HCI. The mixed solution was extracted with ethyl acetate. The extract was washed with saturated 
brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue 
was dissolved in DMF (28 ml) and to the resulting solution were added potassium carbonate (1 .2 g, 8.6 mmol) and 
methyl 4-hydroxybenzoate(2.6g, 17 mmol). The resulting mixture was stirred at 100°C for 2 hours. After cooling, ether 

35 and water were added to the reaction mixture, followed by extraction with ether. The extract was washed with 1 M NaOH 
(3 times), dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The 
residue was purified by silica gel column chromatography (middle pressure Yamazen, linear gradient of n-hexane/ethyl 
acetate from 9:1 to 7:3, <|> 50 mm x 300 mm) to give methyl 4-(1-N-benzyloxycaroonyl-(4S)-methoxymethyl-(2S)-pyr~ 
rolidinylmethoxy)benzoate (1 .46 g, 62%) as a colorless oil. 

40 1H-NMR (CDCI3) 5: 1 .78 (m, 1H), 2.32 (m, 1H), 2.48 (m, 1H), 3.10 (t t J=10.2Hz, 1H), 3.30 (s, 3H), 3.42 (m, 3H), 3.85 
(s, 3H), 4.20 (m, 3H), 5.10 (m, 2H), 6.90 (m, 2H), 7.32 (m, 5H), 7.90 (m, 2H). 
MS (ESI) m/z414(M+1)+ 

(Step 4) Synthesis of methyl trans-4-(1-N-tert-butoxycarbonyl-(4S)-methoxymethyl-(2S)-pyrrolidinylmethoxy) 
45 cyclohexanecarboxylate 



15 [1323] 




\ 

O 



20 



25 



[1325] 



50 




55 
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[1326] In a methanol/acetic acid (100 ml, 10:1) mixed solvent, methyl 4-(1-N-benzyloxycarbonyl-(4S)-methoxyme- 
thyl- (2S)-pyrrolidinylmethoxy)benzoate (1.45 g f 3.51 mmol) and 10% palladium-carbon (300 mg) were subjected to 
catalytic hydrogen ati on for 3 hours at room temperature under normal pressure. From the reaction mixture, the catalyst 
was filtered off. To the filtrate were added acetic acid (10 ml) and modium/aluminum (435 mg) and the mixture was 

5 subjected to catalytic hydrogenation for 24 hours under a hydrogen gas of 4 atom. From the reaction mixture, the 
catalyst was filtered off and the filtrate was distilled under reduced pressure to remove the solvent. The residue was 
dissolved in methylene chloride (18 ml) and to the resulting solution, triethylamine (1.47 ml, 10.5 mmol) and di-tert- 
butyl-dicarbonate (1 . 1 5 g, 5.3 mmol) were added. Stirring was conducted for 6 hours at room temperature. The reaction 
mixture was poured in a 15% aqueous citric acid solution, followed by extraction with chloroform. The extract was 

10 washed with saturated brine and dried over anhydrous magnesium sulfate. After removal of the solvent by distillation 
under reduced pressure, the residue was dissolved in methanol and sodium methoxide (285 mg, 5.27 mmol) was 
added to the solution. The resulting mixture was heated under reflux for 1 8 hours. After cooling, the reaction mixture 
was poured in a saturated aqueous solution of citric acid, followed by extraction with chloroform. The extract was dried 
over anhydrous sodium sulfate. After removal of the solvent by distillation under reduced pressure, the residue was 

15 dissolved in methanol/benzene (1 :4, 1 8 ml). Under stirring at 0°C, trim ethyls ilyldiazom ethane (2.64 ml, a 2.0M n-hexane 
solution, 5.27 mmol) was added to the solution. The reaction mixture was stirred further for 3 hours at room temperature, 
followed by distillation under reduced pressure to remove the solvent. The residue was purified by medium-pressure 
column chromatography using silica gel (Biotage, KP-SIL, 32-63 urn, 75M, n-hexane/ethyl acetate 4:1 vAf) to give 
methyl trans-4-(1 -N-tert-butoxycarbonyl-(4S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexane carboxylate (473 

20 mg, 35%) as colorless oil. 

1 H-MMR (CDCI 3 ) 6: 1.25 (m, 3H), 1.48 (s, 9H) , 2.00 (m, 4H), 2.20 (m, 2H), 2.38 (m, 1H), 2.92 (t, J=9.5Hz, 1H), 3.20 
(m, 1H), 3.33 (s, 3H), 3.40-3.90 (m, 8H), 3.62 (s, 3H). 
MS (ESI) m/z 386 (M+1)+. 

25 (Step 5) Synthesis of trans-4-(1 -(5-chloro-2-fluoro-4-((1 -methyl-1 H-3-indolylcarbonyl)amino)phenylacetyl)-(4S)- 
methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1327] 

30 



35 




40 [1328] In methylene chloride (15 ml) was dissolved methyl trans-4-(1-N-tert-butoxycarbonyl-(4S)-methoxyme- 
thyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (157 mg, 0.406 mmol). To the resulting solution was added tri- 
fluoroacetic acid (15 ml). The resulting mixture was stirred at room temperature for 2 hours. The reaction mixture was 
distilled under reduced pressure to remove the solvent and the residue was dissolved in chloroform/a saturated aque- 
ous solution of sodium bicarbonate, followed by extraction with chloroform. The extract was dried over anhydrous 

45 sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was dissolved in DMF (2 ml). 
To the resulting solution were added (5-chloro-2-fluoro-4-((1 -methyl-1 H-3-indolylcarbonyl)amino)phenyl] acetic acid 
(146 mg, 0.406 mmol), HOBt (104 mg, 0.77 mmol), DMAP (catalytic amount) and EDC-HCI salt (117 mg, 0.61 mmol). 
The resulting mixture was stirred at room temperature for 18 hours. The reaction mixture was poured in 1M HCI, 
followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous magne- 

50 sium sulfate and distilled under reduced pressure to remove the solvent. The residue was purified by medium-pressure 
silica gel column chromatography (middle pressure Yamazen, chloroform/methanol 10:0 to 20:1 , 20 ml/min, <(> 50 mm 
x 150 mm). The purified product was dissolved in THF (4 ml) and 0.25M NaOH (2.4 ml, 0.61 mmol) was added to the 
solution. The resulting mixture was stirred for 18 hours at room temperature. The reaction mixture was acidified with 
1M HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and 

55 dried under reduced pressure to give the title compound (140 mg, 56%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 6: 1.20-2.80 (m, 15H), 3.10-4.30 (m, 7H), 3.30 (s, 3H), 3.90 (s, 3H), 7.21 (t, J=7.5Hz, 1H), 7.27 
(t, J=7.5Hz, 1 H), 7.41 (d, J=7.3Hz, 1 H), 7.55 (d, J=8.1 Hz, 1 H), 7.70 (d, J=1 1 .2Hz, 1 H), 8.1 4 (d, J=7.5Hz, 1 H), 8.31 (s, 
1H), 9.30 (s, 1H). 
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MS (ESI)m/z615(M+1) + ; 

Anal. Ca!cd for O^H^O^N^OJSHzO: C, 59.90; H, 5.61 ; N, 7.31 . 
Found: C, 59.97; H, 5.55; N, 7.31. 

5 Example 139 

trans-4-(1 -(5-Chloro-2-fluoro-4-((1 -methyl-1 H-indazole-3-indazolylcarbonyl)amino)phenylacetyl)-(4S)- 
methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

10 (Step 1 ) Synthesis of trans-4-(1 -(5-chloro-2-fluoro-4-((1 -methyl-1 H-indazolylcarbonyl)amino)phenylacetyl)-(4S)- 
methoxymethyl-(2S)*pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1329] 

15 

I 



20 




25 

[1330] To a solution of methyl trans-4-(1-N-tert-butoxycarbonyl-(4S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cy- 
clohexanecarboxylate (1 57 mg, 0.406 mmol) in methylene chloride (1 5 ml), trifluoroacetic acid (15 ml) was added. The 
resulting mixture was stirred at room temperature for 2 hours. The reaction mixture was distilled under reduced pressure 
to remove the solvent. To the residue was added chloroform/a saturated aqueous solution of sodium bicarbonate, 

30 followed by extraction with chloroform. The extract was dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent. The residue was dissolved in DMF (2 ml) and (5-chloro-2-fluoro-4-((1 -methyl-1 H- 
indazolylcarbonyl)amino)phenyl)acetic acid (147 mg, 0.406 mmol), HOBt (104 mg, 0.77 mmol), DMAP (catalytic 
amount) and EDC-HCI salt (117 mg, 0.61 mmol) were added to the solution. The resulting mixture was stirred at room 
temperature for 18 hours. The reaction mixture was poured in 1 M HCI, followed by extraction with ethyl acetate. The 

35 extract was washed with saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced pres- 
sure to remove the solvent. The residue was purified by silica gel column chromatography (middle pressure Yamazen, 
chloroform/methanol 10:0 to 20:1 , 20 ml/min, <J> 50 mm x 150 mm). The purified product was dissolved in THF (4 ml) 
and 0.25M NaOH (2.4 ml, 0.61 mmol) was added to the solution. The resulting mixture was stirred for 1 8 hours at room 
temperature. The reaction mixture was acidified with 1 M HCI. The crystals thus precipitated were collected by filtration 

40 under reduced pressure, washed with water and dried under reduced pressure, whereby a white solid (154 mg, 62%) 
was obtained. 

1 H-NMR (DMSO-d 6 ) 5: 1.20-2.80 (m, 15H), 3.10-4.30 (m, 7H), 3.30 (s, 3H), 3.90 (s, 3H), 7.37 (t, J=7.5Hz, 1H), 7.46 
(d, J=7.1 Hz, 1 H), 7.53 (t, J=8.0Hz, 1 H), 7.82 (d, J=8.3Hz, 1 H), 8.06 (d, J=1 1 .5Hz, 1 H), 8.20 (d, J=7. 6Hz, 1 H), 9.71 (s, 
1H). 

45 MS(ESI)m/z616(M+1) + ; 

Anal. Calcd for Ca^CIF^CVO^HgO: C, 62.13; H, 6.11; N, 6.79. 
Found: C, 62.04; H, 6,15; N, 6.75. 
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Example 140 

trans-4-(1-(7-Fluoro-2-(54luoro-2-met^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of trans-4-(1-(74luoro-2-(5-fluoro-2-methylphenylamino)-6-benzoxazolylacetyi)-(4S)- 
methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1331] 



I 



15 




20 

[1332] To a solution of methyl trans-4-(1-N-tert-butoxycarbonyl-(4S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cy- 
clohexanecarboxylate (1 57 mg, 0.406 mmol) in methylene chloride (15 ml), trifluoroacetic acid (15 ml) was added. The 
resulting mixture was stirred at room temperature for 2 hours. The reaction mixture was distilled under reduced pressure 
to remove the solvent. The residue was dissolved in chloroform/saturated aqueous solution of sodium bicarbonate, 

25 followed by extraction with chloroform. The extract was dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent. The residue was dissolved in DMF (2 ml). To the resulting solution were added 7-fluoro- 
2-(5-fluoro-2-methylphenylamino)-6-benzoxazolacetic acid (147 mg, 0.406 mmol), HOBt (104 mg, 0.77 mmol), DMAP 
(catalytic amount) and EDC-HCI salt (129 mg, 0.61 mmol) . The mixture was stirred at room temperature for 1 8 hours. 
The reaction mixture was poured in 1 M HCI, followed by extraction with ethyl acetate. The extract was washed with 

30 saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. 
The residue was purified by silica gel column chromatography (middle pressure Yamazen, chloroform/methanol 10:0 
to 20:1 , 20 ml/min, 50 mm x 150 mm). The purified product was dissolved in THF (4 ml) and 0.25 M NaOH (2.4 ml, 
0.61 mmol) was added to the solution. The resulting mixture was stirred for 1 8 hours at room temperature. The reaction 
mixture was acidified with 1 M HCI. The crystals thus precipitated were collected by filtration under reduced pressure, 

35 washed with water and dried under reduced pressure to give the title compound (110 mg, 47%) as a colorless solid. 
1 H-NMR (DMSO-d 6 ) 5: 1.20-1.60 (m, 6H). 1.80-3.80 (m, 9H), 2.31 (s, 3H), 3.10-4.30 (m, 7H), 3.25 (s, 3H), 6.88 (dt, 
J=2.4,8.5Hz, 1H), 7.05 (t, J=7.5Hz, 1H), 7.20 (d, J=8.1Hz, 1H), 7.25 (t, J=7.5Hz, 1H), 7.92 (d, J=1 0.8Hz, 1H). 
MS (ESI)m/z572 (M+1) + ; 

Anal. Calcd for C 3 oH35F2N 3 0 6 .0.25H 2 0: C, 62.54; H, 6.21; N, 7.29. 
40 Found: C, 62.46; H, 6.23; N, 7.29. 

Example 141 

trans-4-((1-(5-Chloro-2-fluoro-4-((1-methyl-3-indolyl)carbonylamino)phenyl)acetyl)-(5S)-methoxymethyl-(2S)- 
45 pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1 ) Synthesis of (2S)-benzyloxymethyl-N-tert-butoxycarbonyl-(5S)-hydroxymethylpyrrolidine 

[1333] 



55 




[1334] In methanol/THF/water (5/3/2, 100ml) was dissolved (2S)-benzoyloxymethyl-(5S)-benzyloxymethyl-N-tert- 
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butoxycarbonylpyrrolidine (3.34 g, 7.85 mmol). To the resulting solution was added 1N NaOH (25.0 ml, 25.0 mmol) 
and the resulting mixture was stirred at room temperature for 7 hours. The reaction mixture was concentrated under 
reduced pressure. The residue was extracted with chloroform/ methanol (10/1 ). The extract was dried over anhydrous 
sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatog- 
5 raphy on a silica gel column, whereby from hexane/ethyl acetate (3/1 to EtOAc) eluate fractions, (2S)-benzyloxyme- 
thyl-N-tert-butoxycarbonyl-(5S)-hydroxymethylpyrrolidine (1 .46 g, 58%) was obtained as a colorless oil. 
1 H-NMR (CDCI 3 ) 5: 1 .41 (s, 9H), 1 .57 (brs, 1 H), 1 .95-1 .97 (m, 2H), 2.05-2.18 (m, 1 H), 3.36 (t, J=8.4Hz, 1 H), 3.56-3.62 
(m, 2H), 3.67-3.72 (m, 2H), 3.95 (brs, 1H), 4.03 (brs, 1H), 4.51 (s, 1H), 7.28-7.37 (m, 5H). 
MS (FAB) m/z 322 (M++1). 

10 

(Step 2) Synthesis of (2S)-benzyloxymethyl-N-tert-butoxycarbonyl-(5S)-methoxymethylpyrrolidine 
[1335] 




20 

[1336] In DMF (50 ml) was dissolved (2S)-benzyloxymethyl-N-tert-butoxycarbonyl-(5S)-hydroxymethylpyrrolidine 
(1 .46 g, 4.55 mmol). Under stirring at 0°C, sodium hydride (60% in oil, 218 mg, 5.46 mmol) was added to the resulting 
solution in portions. After stirring at the same temperature for 10 minutes, methyl iodide (1.42 ml, 22.8 mmol) was 
added and the resulting mixture was stirred further at room temperature for 1 8 hours. The reaction mixture was poured 
25 in 1 N HCI followed by extraction with ether. The extract was washed with water, dried over anhydrous sodium sulfate, 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from hexane/ethyl acetate (5/1) eluate fractions, (2S)-benzyloxymethyl-N-tert-butoxycarbo- 
nyl-(5S)-methoxymethylpyrrolidine (1 .13 g, 74%) was obtained as a colorless oil. 

1 H-NMR (CDCI3), mixture of rotamars, 8: 1.40 and 1.47 (s, total 9H), 1.86-2.02 (m, 4H), 3.20-3.68 (series of m, 4H), 
30 3.34 (s, 3H), 3.86-4.00 (m, 2H), 4.46-4.58 (m, 2H), 7.27-7.34 (m, 5H). 

(Step 3) Synthesis of N-tert-butoxycarbonyl-(5S)-hydroxymethyl-(2S)-methoxymethylpyrrolidine 

[1337] 



40 




[1338] In methanol (30 ml), (2S)-benzyloxymethyl-N-tert-butoxycarbonyl-(5S)-methoxymethylpyrrolidine (1.12 g, 
3.34 mmol) and 1 0% palladium/carbon (1 63 mg) were subjected to catalytic hydrogenation at room temperature under 
normal pressure for 1 8 hours. From the reaction mixture, the catalyst was filtered off and the filtrate was distilled under 
45 reduced pressure to remove the solvent, whereby N-tert-butoxycarbonyl-(5S)-hydroxymethyl-(2S)-methoxymethylpyr- 
rolidine (866 mg, 100 %) was obtained as a colorless oil. 

1 H-NMR (CDCI3) 8: 1.49 (s, 9H), 1.57-1.70 (m, 1H), 1.87-1,98 (m, 2H), 2.014-2.14 (m, 1H), 3.17-4.02 (series of m, 
6H), 3.35 (s, 3H). 

50 (Step 4) Synthesis of methyl 4-(N-tert-butoxycarbonyl-(5S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)benzoate 
[1339] 



55 
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[1340] In THF (30 ml) were dissolved N4ert-butoxycarbonyl-(5S)-hydrox 

(865 mg t 3.53 mmol), triphenylphosphine (1 .11 g, 4.23 mmol) and methyl 4-hydroxybenzoate (536 mg, 3.53 mmol). 
To the resulting solution was added DIAD (803 u,l, 3.88 mmol) and the resulting mixture was stirred at 60°C for 2 hours. 
After cooling to room temperature, the reaction mixture was distilled under reduced pressure to remove the solvent. 
5 The residue was purified by chromatography on a silica gel column, whereby from hexane/ethyl acetate (3/1) eluate 
fractions, methyl 4-(N-tert-butoxycarbonyl-(5S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)benzoate (1 .13 g, 84%) was 
obtained as a colorless oil. 

1 H-NMR (CDCI 3 ), mixture of rotamars, 8: 1 .48 (s, 9H) , 1 .94-2.14 (m, 4H), 3.26-4.27 (series of m, 6H) , 3.36 (s, 3H) , 
3.88 and 3.89 (s, total 3H), 6.93 and 6.96 (d, J=8.8Hz, total 2H), 7.96 and 7.99 (d, J=4.0Hz, total 2H). 

10 

(Step 5) Synthesis of methyl trans-4-(N-tert-butoxycarbonyl-(5S)-methoxymethyl-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 



15 



[1341] 



20 



MeO 



v.. 



Boc 



"CO,M« 



[1342] In ethanol/acetic acid (10/1, 55 ml), methyl 4-(N-tert-butoxycarbonyl-(5S)-methoxymethyl-(2S)-pyrrolidinyl- 
methoxy)benzoate (1.02 g, 2.69 mm!) and 5% rhodium-alumina (500 mg) were subjected to catalytic hydrogenation 
at room temperature for 2.5 hours under a hydrogen gas of 8 atom. From the reaction mixture, the catalyst was filtered 

25 off and the filtrate was distilled under reduced pressure to remove the solvent. The residue was purified by chroma- 
tography on a silica gel column, whereby from hexane/ethyl acetate (3/1) eluate fractions, methyl 4-(N-tert-butoxycar- 
bonyl-(5S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (771 mg, 74%) was obtained as a color- 
less oil. The oil was dissolved in methanol (770 mg, 1 .20 mmol). To the resulting solution was added sodium methoxide 
(324 mg, 5.99 mmol), followed by heating under reflux for 1 8 hours. After cooling, the reaction mixture was neutralized 

30 with 1 N HCI, followed by extraction with a chloroform/methanol (1 0/1 ) mixture. The extract was dried over anhydrous 
sodium sulfate, and distilled under reduced pressure to remove the solvent to give an oil. The oil was dissolved in a 
benzene/methanol (10/1, 22 ml) mixture, followed by the dropwise addition of trimethylsilyl diazomethane (a 2.0M 
hexane solution, 0.50 ml, 0.25 mmol). After the reaction mixture was stirred at room temperature for 1 hour, the solvent 
was distilled off under reduced pressure. The residue was purified by flash column chromatography using silica gel, 

35 whereby from hexane/ethyl acetate (5/1) eluate fractions, methyl trans-4-(N-tert-butoxycaroonyl-(5S)-methoxyme- 
thyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (178 mg, 23%) was obtained as a colorless oil. 
MS (ESI) m/z 386 (M + +1). 

(Step 6) Synthesis of methyl trans-4-((5S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

40 

[1343] 



45 



MeO 



so [1344] Methyl trans-4-(N-tert-butoxycaroonyl-(5S)-methoxym 

late (1 75 mg, 0.45mmol) was dissolved in methylene chloride (20 ml). To the resulting solution was added trifluoroacetic 
acid (7 ml). The resulting mixture was stirred at room temperature for 30 minutes. The reaction mixture was distilled 
under reduced pressure to remove the solvent. The residue was neutralized with a saturated aqueous solution of 
sodium bicarbonate, followed by extraction with a chloroform/methanol (10/1) mixture. The extract was dried over 

55 anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent, whereby methyl trans-4-((5S)- 
methoxymethyl-(2S)-pyrrolidinylmethoxy)-cyclohexanecarboxylate (130 mg, 100 %) was obtained as a pale yellow oil. 
MS(ESI)m/z286(M + +1). 
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(Step 7) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indoly0^^ 
methoxymethyl-(2S)*pyrroIidinylmethoxy)cyclohexanecarboxylate 

[1345] 




15 [1346] In DMF (10 ml), HOBt (18.2 mg, 0.14 mmol) was added to (5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl) 
amino)phenyl)acetic acid (162 mg, 0.45 mmol), methyl trans-4-((5S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cy- 
clohexanecarboxylate (128 mg, 0.45 mmol) and EDC-HCI (103 mg, 0.54 mmol) and the resulting mixture was stirred 
at room temperature for 1 8 hours. The reaction mixture was poured in water, followed by extraction with ethyl acetate. 
The extract was washed with water, dried over anhydrous sodium sulfate, and distilled under reduced pressure to 

20 remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl 
acetate (1/5) eluate fractions, methyl trans-4-((1-(5-chloro-2-fluoro-4-((1-methyl-3-indolyl)carbonylamino)phenyl) 
acetyl) -(5S)-methoxymethyl-(2S) -pyrrolidinylmethoxy)cyclohexanecarboxylate (244 mg, 87%) was obtained as a 
colorless amorphous substance. 

1 H-NMR (CDCI 3 ), mixture of rotamars, 8: 1 .09-2.25 (series of m, 12H), 3.05-4.20 (series of m, 10H), 3.27 and 3.31 (s, 
25 total 3H), 3.55 and 3.61 (s, total 3H), 3.84 (s, 3H), 7.28-7.32 (m, 2H), 7.36-7.41 (m, 2H), 7.76 (d, J=2.4Hz, 1 H), 8.01 -8.1 0 
(m ( 1H), 8.24 (s, 1H), 8.43 and 8.46 (s, total 1H). 
MS (ESI)m/z628 (M++1). 

(Step 8) Synthesis of trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indoiyl)carbonylamino)phenyl)acetyl)-(5S)- 
30 methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1347] 




[1348] In THF/methanol (1/1 , 20 ml) was dissolved methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolyl)car- 
bonylamino)phenyl)acetyl)-(5S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (241 mg, 0.39 

^5 mmol). To the resulting solution was added 0.25N NaOH (7.67 ml, 1 .92 mmol). The resulting mixture was stirred at 
room temperature for 1 8 hours. The reaction mixture was poured in 1 N HCI, followed by extraction with a chloroform/ 
methanol (10/1) mixture. The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform/ 
methanol (15/1) eluate fractions, the title compound (204 mg, 87%) was obtained as a colorless amorphous substance. 

so 1 H-NMR (CDCI3), mixture of rotamars, 6: 1 .05-2.32 (series of m, 12H), 3.10-4.25 (series of m, 10H), 3.30 and 3.35 (s, 
total 3H) t 3.85 and 3.86 (s, total 3H), 7.30-7.35 (m, 2H), 7.38-7.44 (m, 2H), 7.79 (d, J=1.2Hz, 1H), 8.08-8.12 (m, 1H), 
8.28 (s, 1H), 8.45 and 8.48 (d, J=6.0Hz, total 1H). 
MS (ESI) m/z 613(M++1); 

Anal, calcd for Ca^CIF^C^: C, 62.59; H, 6.07; N, 6.84. 
55 Found : C, 62.45; H, 6.30; N, 6.65. 
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Example 142 



trans-4-(1-((5-Chloro-2-fluoro-4-(1-methyl-3-indoW 
pyrrolidinylmethoxy)-1 -cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-((4S)-a2ido-1-(tert-butoxycarbonyl)-(2S)-pyrrolidinylmethoxy)- 
1 -cyclohexanecarboxylate 



[1 350] Methyl trans-4-(1 -(tert-butoxycarbonyI)-(4S)-methanesulfonyloxy-(2S)-pyrrolidinylmethoxy)-1 -cyclohexane- 
carboxylate (530 mg, 1.22 mmol) was dissolved in DMF (10 ml) and LiN 3 (119 mg, 2.43 mmol) was added to the 
resulting solution. The mixture was stirred at 80°C for 5 hours. After cooling, the reaction mixture was diluted with ethyl 
acetate (300 ml). The ethyl acetate solution was washed with saturated brine, dried over anhydrous magnesium sulfate 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from chloroform-ethyl acetate (20:1 to 10:1) eluate fractions, methyl trans-4-((4S)-azido-1-(tert- 
butoxycarbonyl)-(2S)-pyrrolidinylmethoxy)-1 -cyclohexanecarboxylate (423 mg, 91%) was obtained as a pale yellow oil. 
1 H-NMR (CDC! 3 ) 6: 1 .21 -1 .30 (m, 2H), 1 .46 (m, 1 1 H, including s, 9H, at 5: 1 .46), 2.00-2.36 (series of m, 7H), 3.20-4.1 3 
(series of m, 10H, including s, 3H, at 5: 3.66). 

(Step 2) Synthesis of methyl trans-4-((4S)-amino-1-(tert-butoxycarbonyl)-(2S)-pyrrolidinylmethoxy)- 
1 -cyclohexanecarboxylate 



[1352] In methanol (20 ml), 5% palladium/carbon (400 mg) was added to methyl trans-4-((4S)-azido-1 -(tert-butoxy- 
carbonyl)-(2S)-pyrrolidinylmethoxy)-1 -cyclohexanecarboxylate (420 mg, 1 .10 mmol) and catalytic hydrogenation was 
effected for 15 hours at room temperature under normal pressure. After removal of the catalyst by filtration, the filtrate 
was distilled under reduced pressure to remove the solvent, whereby methyl trans-4-((4S)-amino-1-(tert-butoxycarb- 
onyl)-(2S)-pyrrolidinylmethoxy)-1 -cyclohexanecarboxylate (391 mg, 1 00 %) was obtained as a pale yellow oil. 
MS (ESI)m/z357 (M + +1). 

(Step 3) Synthesis of methyl trans-4-(1-(tert-butoxycarbonyl)-(4S)-trifluoroacetamido-(2S)-pyrrolidinylmethoxy)- 
1 -cyclohexanecarboxylate 



[1349] 




[1351] 




[1353] 
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[1354] Methyl trans^-((4S)-amino-1-(tert^utoxycarbo^ 

(390 mg, 1 .09 mmol) was dissolved in methylene chloride (10 ml). Under stirring at 0°C, diisopropytethylamine (381 
111, 2.1 9 mmril) and trifluoroacetic anhydride (227 uJ, 1 .64 mmol) were added to the resulting solution. After stirring for 
2 hours at the same temperature, the reaction mixture was added with water (50 ml), followed by extraction with ethyl 

5 acetate (200 ml). The extract was washed with saturated brine (100 ml), dried over anhydrous magnesium sulfate, and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from chloroform-ethyl acetate (10:1) eluate fractions, methyl trans-4-(1-(tert-butoxycarbony!)- (4S)- 
trifluoroacetamido-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxylate (375 mg, 76%) was obtained as a yellow oil. 
1 H-NMR (CDCl 3 ) 8: 1 .22-2.50 (series of m, 20H), 3.27-3.69 (series of m, 7H, including s, 3H, at d 3.67), 3.96-4.1 5 (m r 

10 2H), 4.62 (m, 1 H), 8.45 and 8.56 (m, each, total 1 H). 
MS (ESI)m/z453 (M*+1). 

(Step 4) Synthesis of methyl trans-4-(1-(tert-butoxycarbonyl)-(4S)-N-methyltrifluoroacetamido-(2S)- 
pyrrolidinylmethoxy)-1-cyclohexanecarboxylate 

15 

[1355] 



20 



25 



35 



40 



45 



Me-N 



boc 



COjMe 



[1356] In DMF (10 ml) were dissolved methyl trans-4-(1-(tert-butoxycarbonyl)-(4S)-trifluoroacetamido-(2S)-pyrrolid- 
inylmethoxy)-1-cyclohexanecarboxylate (375 mg, 0.829 mmol) and Mel (258 uJ, 4.15 mmol). To the resulting solution 
was added sodium hydride (40 mg, 0.995 mmol) in portions under stirring at 0°C. After stirring for 1 hour at the same 
temperature, the reaction mixture was added with 1 N HCI (50 ml), followed by extraction with ethyl acetate (200 ml). 
30 The extract was washed with saturated brine (100 ml), dried over anhydrous magnesium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from chloroform-ethyl acetate (10:1) eluate fractions, methyl trans-4-(1- (tert-butoxycarbonyl)-(4S)-N-methyltrifluoro- 
acetamido- (2S) -pyrrolidinylmethoxy) -1 -cyclohexanecarboxylate (202 mg, 52%) was obtained as a yellow oil. 
MS (ESI)m/z467 (M++1). 



(Step 5) Synthesis of methyl trans-4-(1-(tert-butoxycarbonyl)-(4S)-N-methylacetamido-(2S)-pyrrolidinylmethoxy)- 
1 -cyclohexanecarboxylate 



[1357] 



Me-N 



Boc ^^'COjMa 



[1358] Methyl trans-4-(1-(tert-butoxycarbonyl)-(4S)-N-meth^ 

50 clohexanecarboxylate (200 mg, 0.429 mmol) was dissolved in THF-methanol (5:1 , 6 ml). To the resulting solution was 
added a 2M aqueous solution (4 ml) of Na 2 C0 3 . After stirring for 3 hours, the reaction mixture was diluted with ethyl 
acetate (1 00 ml). The ethyl acetate solution was washed with saturated brine (1 00 ml), dried over anhydrous magnesium 
sulfate and distilled under reduced pressure to remove the solvent. The residue was dissolved in methylene chloride 
(20 ml). To the resulting solution were added triethylamine (119 u.l, 0.859 mmol) and acetylene chloride (46 jil, 0.644 

S5 mmol) under stirring at 0°C. The reaction mixture was stirred at room temperature for hour and diluted with ethyl acetate 
(1 00 ml). The diluted mixture was washed with saturated brine (1 00 ml), dried over anhydrous magnesium sulfate, and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from chloroform-methanol (20:1) eluate fractions, methyl trans-4- (1-(tert-butoxycarbonyl)-(4S)-N- 
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methylacetamido-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxylate (90 mg; 51%) was obtained as a colorless oil. 
1 H-NMR(CDCI 3 )8: 1.25 (m, 2H), 1 .45 (m, 11 H), 1 .98-2.29 (series of m, 1 0H), 2.86 and 2.92 (s, each, total 3H), 3.02-3.30 
(m, 2H), 3.62-3.92 (series of m, 7H, including s, 3H, at 5: 3.66), 4.29 and 5.14 (m, each, total 1H). 

(Step 6) Synthesis of methyl trans-4-((4S)-N-methylacetamido-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxylate 
hydrochloride 



[1360] Methyl trans-4-(1-(tert-butoxycarbonyl)-(4S)-N-methylacetamido-(2S)-pyrrolidinylmethoxy)-1-cyclohexane- 
carboxylate (90 mg, 0.21 8 mmol) was dissolved in dioxane (5 ml). To the resulting solution was added a 4N HCI/dioxane 
solution (10 ml). The resulting mixture was stirred at room temperature for 5 hours. The reaction mixture was distilled 
under reduced pressure to remove the solvent, whereby methyl trans-4-((4S)-N-methylacetamido-(2S)-pyrrolidinyl- 
methoxy)-1-cyclohexanecarboxylate hydrochloride (80 mg) was obtained as a pale yellow oil. 
MS (ESI) m/z313(M + +1). 

(Step 7) Synthesis of methyl trans-4-(1 -((5-chloro-2-f luoro-4-(1 -methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)-(N- 
methylacetamido)-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxylate 



[1 362] Methyl trans-4-((4S)-N-methylacetamido-(2S)-pyrrolidinylmethoxy)-1 -cyctohexanecarboxylate hydrochloride 
(80 mg, crude) was dissolved in DMF (10 ml). To the resulting solution were added 5-chloro-2-fluoro-4-(1-methyl- 
3-indolylcarbonylamino)phenyl)acetic acid (79 mg, 0.218 mg), triethylamine (303 uJ, 2.18 mmol), EDC HCI (63 mg, 
0.327 mmoll), and HOBt (44 mg, 0.327 mmol). The resulting mixture was stirred at room temperature for 15 hours. To 
the reaction mixture were added ethyl acetate (1 00 ml) and water (1 00 ml) to separate an ethyl acetate layer. The ethyl 
acetate layer was washed with saturated brine (1 00 ml), dried over anhydrous magnesium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from chloroform-methanol (10:1) eluate fractions, methyl trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbo- 
nylamino)phenyl)acetyl)-(4S)-(methylacetamido)-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxylate(120 mg, 84%) 
was obtained as a yellow thick sticky liquid. 

1 H-NMR (CDCI 3 ) 5: 1.07-2.23 (series of m, 14H),2.87 and 2.94 (s, each, total 3H) , 3.18 (m, 2H), 3.40-3.95 (series of 
m, 11H), 4.25 (m, 1H), 4.36 and 5.22 (m, each, total 1H), 7.33-7.42 (m, 4H), 7.82 (s, 1H), 8.13-8.15 (m, 1H), 8.29 (s, 
1H), 8.49-8.54 (m, 1H). 
MS (ESI) m/z 655 (M + +1). 



[1359] 



Me— N 




[1361] 
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(Step 8) Synthesis of trans-4-(1 -((5-chloro-2-f luoro-4-(1 -methyl-3-indolylcarbonyiamino)phenyl)acetyl)-(4S)-(N- 
methylacetamido)-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxylic acid 



[1363] 



5 




Me, 



10 



CO,H 



*5 [1364] Methyl trans-4-(1-((5-chloro-2-fluoro-4-(1 -methyl-3-indolylcarbonylamino)phenyl)acetyl)-(4S)-(methylaceta- 
mido)-(2S)-pyrrolidinylmethoxy)-1-cyclohexanecarboxylate (115 mg, 0.176 mmol) was dissolved in THF (5 ml). To the 
resulting solution was added 0.25N NaOH (4 ml, 1 mmol). After stirring at room temperature for 15 hours, the reaction 
mixture was poured in 1 N HCI (100 ml), followed by extraction with chloroform-methanol (5:1 , 2 x 100 ml). The extract 
was dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue 

20 was dissolved in chloroform. Hexane was added to the resulting solution until precipitation of crystals occurred. The 
solid thus precipitated was collected by filtration under reduced pressure and dried to give the title compound (87 mg, 
77%) as a pale yellow amorphous substance. 

1 H-NMR (DMSO-d 6 ) 5: 1.14-1.38 (m, 4H), 1.87-2.16 (m, 10H), 2.75 and 2.91 (s, each, total 3H), 3.17-5.05 (series of 
m, 12H), 7,20-7.30 (m, 2H), 7.40-7.44 (m, 1H), 7.56 (d, J=8.1Hz, 1H), 7.70 (m, 1H), 8.15 (d, J=7.8Hz, 1H), 8.31 (s, 
25 1H), 9.31 (s, 1H). 

MS (ESI) m/z 642 (M + +1); 

Anal. Calcd for C^H^CIFN^e, C, 61.82; H, 5.97; N, 8.74. 
Found: C, 59.72; H, 6.26; N, 7.68. 

30 Example 143 

trans-4-(1-(5-Chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenylacetyl)-4,4-difluoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid and cis-4-(1 -(5-chloro-2-fluoro-4-(1 -methyl-3-indolylcarbonylamino) 
phenylacetyl)-4,4-difluoro-(2S)- pyrrol id inylmethoxy)cyclohexanecarboxy lie acid: 

35 

(Step 1) Synthesis of methyl 4-(1-(5-chloro-2-fluoro-4-(1-methyl-3-indoly!carbonylamino)phenylacetyl)- 
4,4-difluoro-(2S)-pyrrolidinylmethoxy) cyclohexanecarboxylate 



[1366] In DM F (5 ml) were dissolved (5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonylamino)phenyl)acetic acid (208 
so mg, 0.58 mmol) and methyl 4-(4,4-difluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (1 60 mg, 0.58 mmol). To 
the resulting solution were added EDC HCI (1 67 mg, 0.87 mmol), HOBt (2.5 mg, 0.02 mmol), and DMAP (2.5 mg, 0.02 
mmol), and the resulting mixture was stirred at room temperature for 14 hours. The reaction mixture was diluted with 
ethyl acetate. The diluted mixture was washed with saturated brine, dried over anhydrous magnesium sulfate, and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
55 column, whereby from chloroform-methanol (30:1 , v/v)eluate fractions, methyl 4-(1-(5-ch loro-2-fluoro-4-( 1-methyl-3-in - 
dolylcarbonylamino)phenylacetyl)-4,4-difluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (a mixture of two di- 
astereomers) (335 mg, 93%) was obtained as a pale brown crystalline powder. 



[1365] 



40 



45 




IR (ATR) v 1726, 1658, 1518 cm-1 ; 
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1 H-NMR (CDCI3) 8: 1 .26 (m, 1 H), 1 .46 (m, 2H), 1 .63-1 ,85 (series of m, total 5H) P 1 .99 (m, 2H), 2 35 (m, 1 H), 2.55 (m t 
2H), 3.51 (m, 1H), 3.58 (dd, J=1 0.8,6.8Hz, 1H), 3.66 and 3.67 (s, total 3H), 3.71 (m, 1H), 3.83 (m, 1 H), 3.88 (s, 3H), 
4.49 (m, 1 H), 7.33-7.42 (series of m, total 4H), 7.80-7.81 (series of s, total 1 H), 8.00 (s, 1 H), 8.12 (m, 1 H), 8.30 (s, 1 H), 
8.49-8.55 (series of d, J=1 2.0Hz, total 1H). 
5 MS (LC-MS) m/z 621 (M++1). 

(Step 2) Synthesis of trans-4-(1 -(5-chloro-2-fluoro-4-(1 -methyl-3-indolylcarbonylamino)phenylacetyl)- 
4,4-dif luoro-(2S)-pyrrolidinylmethoxy)cyctohexanecarboxylic acid and cis-4-(1 -(5-chloro-2-fluoro-4-(1 -methyl- 
3-indolylcarbonylamino)phenylacetyl)-4,4-difluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecar^ acid 

10 

[1367] 



15 




20 

[1368] To methyl 4-(1-(5-chloro-2-fluoro-4-(1-methyl-3-indoly!cato^ 

lidinylmethoxy)cyclohexanecarboxylate (620 mg, 0.53 mmol) were added THF (4.5 ml) and 0.25N NaOH (4.5 ml). The 
resulting mixture was stirred at room temperature for 14 hours. The reaction mixture was distilled under reduced pres- 
sure to remove the solvent The residue was acidified with 1 N HCI, followed by extraction with chloroform-methanol 
25 (5:1 , v/v). The extract was washed with saturated brine, dried over anhydrous magnesium sulfate, and distilled under 
reduced pressure to remove the solvent. By chromatography using a silica gel thin-layer plate (Whatman TLC), two 
diastereomers were separated from the residue, whereby from chloroform-methanol (40:1, v/vx3) eluate fractions, 
trans-4-(1 -(5-chloro-2-fluoro-4-(1 -methyl 

cyclohexanecarboxylic acid (53 mg, 1 6%) was obtained as a white solid. 
30 IR(ATR)v 1653, 1518cm"i; 

1 H-NMR (DMSO-d 6 ) 8: 1 .11-1 .31 (series of m, total 3H), 1 .44 (m, 2H), 1 .99 (m, 4H), 2.25 (m, 1H), 2.52 (m, 2H), 3.18 
(m, 1 H), 3.54 (m, 2H), 3.72 (m, 1 H), 3.85 (s, 3H), 3.90 (m, 1 H), 4.46 (m, 1 H), 7.34 (m, 3H), 7.38 (m, 2H), 7.80 (s, 1 H), 
8.11 (m, 1H), 8.29 (s, 1H), 8.51 (dd, J=12.0,6.0Hz, 1H), 8.49 and 8.50 (d, J=12.0Hz, total 1 H). 
MS (ESI) m/z 607 (M + +1). 

35 [1369] The further elution gave cis-4-(1 -(5-chloro-2-fluoro-4-(1 -methyl-3-indolylcarbonylamino)phenylacetyl)-4,4-di- 
' fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid (246 mg, 67%) as a white solid. 
IR(KBr)v1653, 1521cm- 1 ; 

1 H-NMR (DMSO-d 6 ) 8 1 .47 (m, 2H), 1 .65-1 .86 (series of m, total 6H), 2.34 (m, 1H), 2.51-2.60 (series of m, total 2H), 
3.44 (m, 2H), 3.52 and 3.58 (AB q, J=12.3Hz, 2H), 3.75 (m, 1H), 3.83 (m, 1H), 3.85 (s, 3H), 3.93 (m, 1H), 4.49 (m, 
40 1 H), 7.34 (m, 3H), 7.39 (d, J=6.4Hz, 2H), 7.79 and 7.81 (s, total 1 H), 8.11 (m, 1 H), 8.28 (s, 1 H), 8.48 (d, J=12.0Hz, 1 H) . 
MS (ESI) m/z 607 (M + +1); 

Anal. Calcd for C 30 H 31 CIF3N3O 5 H 2 0: C, 57.74; H, 5.33; N, 6.73. 
Found: C, 57.55; H, 5.06; N, 6.52. 

45 



50 



55 
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Example 144 



trans-4-((2S)-((5-Chloro-2-fluoro-4-(1 -methyl^ 
1-cyc!ohexanecarboxylic acid: 



5 



(Step 1) Synthesis of methyl 4-((2S)-N-methylamino-1-propoxy)-1-cyclohexanecarboxylate 



[1370] 



10 




-COjMe 



Me' 



15 



Me 



[1371] In methanol (30 ml), rhodium/alumina (2 g) was added to methyl 4-((2S)-N-methylamino-1 ~propoxy)benzoate 
(1 .83 g, 8.20 mmol) and trifluoroacetic acid (1 .9 ml, 24.6 mmol) and the resulting mixture was subjected to catalytic 

20 hydrogenation for 15 hours under a hydrogen gas of 20 atom. From the reaction mixture, the catalyst was filtered off 
and the filtrate was distilled under reduced pressure to remove the solvent. The residue was basified with a saturated 
aqueous solution of sodium bicarbonate, followed by extraction with chloroform (2 x 100 ml). The extract was dried 
over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent, whereby methyl 4-((2S) 
-N-methylamino-1 -propoxy)-1 -cyclohexanecarboxylate (1 ,56 g, 83%) was obtained as a pale yellow oil. 

25 1H-NMR (CDCI 3 ) 6: 0.99-1 .02 (m, 3H). 1 .20-2.03 (series of m, 8H), 2.24-2.44 (m, 4H), 2.74 (m, 1H), 3.18-3.44 (series 
of m, 3H), 3.67 (m, 3H). 
MS (ESI) m/z 230 (M + +1). 

(Step 2) Synthesis of methyl 4-((2S)-(N-(tert-butoxycarbonyl)-N-methylamino)-1-propoxy)-1 -cyclohexanecarboxylate 



[1373] The methyl 4- ((2S)-N-methylamino-1-propoxy)-1 -cyclohexanecarboxylate obtained in the above-described 
<o step was dissolved in acetonitrile (25 ml) and water (25 ml). To the resulting solution were added triethylamine (1 .9 ml, 
13.5 mmol) and di-tert-butyl dicarbonate (2.2 g, 1 0.1 mmol). The resulting mixture was stirred at room temperature for 
15 hours. The reaction mixture was extracted with ethyl acetate (1 00 ml). The extract was washed with saturated brine 
(100 ml), dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (4:1) eluate frac- 
45 tions, methyl 4-((2S)-(N-(tert-butoxycarbonyl)-N-methylamino)-1-propoxy)-1 -cyclohexanecarboxylate (1.83 g, 82%) 
was obtained as a colorless oil. 

1 H-NMR (CDCI3) 6: 1.09-1.12 (m, 3H), 1 .24-2.33 (series of m, 18H), 2.75 (m, 3H) , 3.20-3.44 (m, 3H) , 3.66 (m, 3H), 

4.10-4.34 (m, 1H). 

MS(ESI)m/z330(M + +1). 



30 
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(Step 3) Synthesis of methyl trans-4-((2S)«(N-(tert-butoxycarbonyl)-N-methylamino)-1-propoxy) - 
1 -cyclohexanecarboxylate 



[1374] 




•COjMe 



Me' 



[1375] Methyl 4-((2S)- (N-(tert-butoxycarbonyl)-N-methylamino)-1 -propoxy)-1 -cyclohexanecarboxylate (1 .83 g, 5.56 
mmol) was dissolved in dry methanol (30 ml). To the resulting solution was added sodium methoxide (900 mg r 16.7 
mmol) and the mixture was heated under reflux for 15 hours. After cooling to room temperature, the reaction mixture 
was poured in 1N HCI (100 ml), followed by extraction with ethyl acetate (2 x 100 ml). The extract was washed with 
saturated brine (100 ml), dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was dissolved in a 20% methanol-benzene mixture (20 ml) and to the resulting solution, 
trimethylsilyldiazomethane (a 2.0M hexane solution) was added in portions until the disappearance of raw material 
carboxylic acid was confirmed on TLC. From the reaction mixture, the solvent was distilled off under reduced pressure. 
The residue was purified by chromatography on a silica gel column, whereby from hexane-ethyl acetate (4:1) eluate 
fractions, methyl trans-4-((2S)-(N-(tert-butoxycarbonyl)-N-methylamino)-1 -propoxy)-1 -cyclohexanecarboxylate (786 
mg, 43%) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 8: 1 .09 (d, J=6.8Hz, 3H), 1 .21 (m, 2H) , 1 .46 (m, 1 1 H, including s, 9H, at 5: 1 .46), 2.02 (m, 4H), 2.26 
(m, 1H), 2.73 (br s, 3H), 3.18-3.47 (m, 3H), 3.66 (s, 3H), 4.11-4.34 (m, 1H). 
MS (ESI) m/z 330 (M + +1). 

(Step 4) Synthesis of methyl trans-4-((2S)-methylamino-1-propoxy)-1 -cyclohexanecarboxylate hydrochloride 



[1 377] Methyl trans-4-((25)-(N-(tert-butoxycarbonyl)-N-methylamino)-1 -propoxy)-1 -cyclohexanecarboxylate (786 
mg, 2.39 mmol) was dissolved in dioxane (10 ml). To the resulting solution was added a 4N HCI/dioxane solution (15 
ml). The mixture was stirred at room temperature for 15 hours. The reaction mixture was distilled under reduced pres- 
sure to remove the solvent. The residue was solidified by treating it with ether, whereby methyl trans-4-((2S)-methyl- 
amino-1-propoxy)-1 -cyclohexanecarboxylate hydrochloride (500 mg, 79%) was obtained as a colorless amorphous 
substance. 

1 H-NMR (DMSO) 6: 1.16-1.24 (m, 5H), 1.31-1.40 (m, 2H), 1.87-1.91 (m, 2H), 1.96-1.99 (m, 2H), 2.24-2.30 (m, 1H), 
2.49 (s, 3H), 3.21-3.28 (m, 2H), 3.47-3.60 (series of m, 7H) , 8.73 (br s, 2H). 
MS (ESI) m/z 230 (M + +1). 



[1376] 
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(Step 5) Synthesis of methyl trans-4-((2S)-((5^hloro-2-fluoro-4-(1-methyl-3-indolylcaroonylamino)phenyl)-N- 
methylacetamido)-1 -propoxy)-1 -cyclohexanecarboxylate 



[1378] 
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,C0 3 Me 



10 
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Mo 



15 



[1379] Methyl trans-4-((2S)-methylamino-1-propoxy)-1 -cyclohexanecarboxylate hydrochloride (200 mg, 0.753 
mmol) and (5-chloro-2-fluoro-4-(1-methyl-3Hndolylcarbonylamino)phenyl)acettc acid (272 mg, 0,753 mmol) were dis- 
solved in DMF (10 ml). To the resulting solution were added and triethylamine (523 jxl, 3.76 mmol), EDC HCI (21 7 mg, 
1 .13 mmol), and HOBt (153 mg, 1 .13 mmol). The resulting mixture was stirred at room temperature for 15 hours. To 

20 the reaction mixture were added ethyl acetate (1 00 ml) and water (1 00 ml) to separate it into layers. The ethyl acetate 
layer thus separated was washed with saturated brine (2 x 100 ml), dried over anhydrous magnesium sulfate, and 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, whereby from chloroform-methanol (10:1) eluate fractions, methyl trans-4-((2S)-((5-chloro-2-fluoro-4-(1-me- 
thyl-3-indolylcarbonylamino)phenyl)-N-methylacetamido)-1-propoxy)-1 -cyclohexanecarboxylate (400 mg, 93%) was 

25 obtained as a yellow viscous oil. 

1 H-NMR (CDCI 3 ) 5: 1 .1 1 -1 .14 (m, 3H), 1 .1 5-1 .29 (m, 2H), 1 .40-1 .49 (m, 2H), 2.00 (m, 4H), 2.21 -2.30 (m, 1 H), 2.81 and 
2.90 (s, each, total 3H), 3.17 (m, 1 H), 3.36-3.49 (m, 2H), 3.59-3.89 (series of m, 8H, including s, 3H, at 8: 3.85), 4.12 
and 4.80 (m, each, total 1H), 7.31-7.41 (m, 4H), 7.78 (d, J=1.7Hz, 1H), 8.13 (dd, J=6.1/3.2Hz, 1H), 8.27 (s, 1H), 8.49 
(d, J=12.9Hz, 1H). 

30 MS(ESI)m/z572(M++1). 

(Step 6) Synthesis of trans-4-((2S)-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)-N- 
methylacetamido)-1-propoxy)-1 -cyclohexanecarboxylic acid 



45 [1381] Methyl trans-4-((2S)-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino) phenyl)-N-methylacetamido)- 
1-propoxy)-1 -cyclohexanecarboxylate (400 mg, 0.699 mmol) was dissolved in THF (10 ml). To the resulting solution 
was added 0.25N NaOH (5.6 ml, 1 .40 mmol). The resulting mixture was stirred at room temperature for 1 5 hours. The 
reaction mixture was poured in 1N HCI (50 ml), followed by extraction with chloroform (2 x 100 ml). The extract was 
dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 

so dissolved in chloroform. Hexane was added to the resulting solution in portions to cause crystallization. The crystals 
thus precipitated were collected by filtration under reduced pressure and dried to give the title compound (260 mg, 
67%) as a colorless amorphous substance. 

1 H-NMR (DMSO-d 6 ) 8: 1.01-1.34 (series of m, 7H), 1.89 (m, 4H), 2.15 (m, 1H), 2.70 and 2.90 (s, each, total 3H, due 
to double bond character of the C(0)-N bond in amide), 3.21-3.92 (series of m, 8H), 4.18 and 4.61 (m, each, 1H, due 
55 to double bond character of the C(0)-N bond in amide), 7.20-7.69 (series of m, 5H), 8.16 (m, 1H), 8.31 (s, 1H), 9.30 
(s, 1H), 12.04 (s, 1H). 
MS (FAB)m/z558 (M++1); 

Anal. Calcd for CggH^CIFNaOg: C, 62.42; H, 5.96; N, 7.53. 



35 [1380] 



40 




Me 
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Found: C, 62.09; H, 6.09; N, 7.26. 
Example 145 

5 trans^-((2S)-((7-Fluoro-2-((5-fluoro-2-methylphenyl)amino)-^^ 
1-cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-((2S)-((7-fluoro-2-((5-fluoro-2-methylphenyl)amino)-6-benzoxazolyl)*N- 
methylacetamido)-1 -propoxy)-1 -cyclohexanecanboxylate 

10 

[1382] 



F 



15 




20 [1383] In DMF (10 ml), triethylamine (523 u.l, 3.76 mmol), EDC HCI (217 mg, 1 .13 mmol), and HOBt (153 mg, 1 .13 
mmol) were added to methyl trans-4-((2S)-N-methylamino-1-propoxy)-1-cyclohexanecarooxylate hydrochloride (200 
mg, 0.753 mmol) and methyl 7-fluoro-2-((5-fluoro-2-methylphenyl)amino)-6-benzoxazolyl)acetate (239 mg, 0.753 
mmol) and the resulting mixture was stirred at room temperature for 15 hours. To the reaction mixture were added 
ethyl acetate (1 00 ml) and water (1 00 ml) to separate it into layers. The ethyl acetate layer thus obtained was washed 

25 with saturated brine (2 x 100 ml), dried over anhydrous magnesium sulfate, and distilled under reduced pressure to 
remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform- 
methanol (20:1) eluate fractions, methyl trans-4-((2S)-((7-fluoro-2-((5-fluoro-2-methylphenyl)amino)-6-benzoxazolyl) 
-N-methylacetamido)-1-propoxy)-1-cyclohexanecarboxylate (399 mg, 100%) was obtained as a yellow viscous oil. 
1 H-NMR (CDCI 3 ) 8: 1.08-1.48 (m, 7H), 1.99 (m, 4H) t 2.28 (m, 4H), 2.77-3.94 (series of m, 11 H), 4.19 and 4.83 (m, 

30 each, total 1H), 6.73 (m, 1H), 7.03-7.21 (m, 3H), 7.44 (m, 1H), 8.00-8.04 (m 1H) . 
MS(ESI)m/z572(M++1). 

(Step 2) Synthesis of trans-4-((2S)-((7-fluoro-2-((5-fluoro-2-methylphenyl)amino)-6-benzoxazolyl)-N- 
methylacetamido)-1 -propoxy)-1 -cyclohexanecarboxylic acid 

35 

[1384] 



F 



40 




45 

[1385] Methyl trans-4-((2S)-(7-fluoro-2-((5-fluoro-2-methylphenyl)amino)-6-benzoxazolyl)-N- methylacetamido)- 
1-propoxy)-1-cyclohexanecarboxylate (399 mg, 0.753 mmol) was dissolved in THF (10 ml). To the resulting solution 
was added 0.25N NaOH (6 ml, 1 .50 mmol). The resulting mixture was stirred at room temperature for 15 hours. The 
reaction mixture was poured in 1 N HCI (50 ml), followed by extraction with chloroform (2 x 1 00 ml). The extract was 
so dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
dissolved in chloroform. Hexane was added until the precipitation of a solid occurred. The precipitate thus obtained 
was collected by filtration under reduced pressure and dried to give the title compound (210 mg, 54%) as a colorless 
amorphous substance. 

1 H-NMR (DMSO-d 6 ) 8: 1 .00-1 .40 (series of m, 7H), 1.89 (m, 4H), 2.15 (m, 1H), 2.30 (s, 3H), 2.69 and 2.90 (s, each, 
55 total 3H, due to double bond character of the C(0)-N in amide), 3.19 (m, 1 H), 3.33-3.47 (m, 4H), 3.73-3.84 (m, 2H), 
4.19 and 4.63 (m, each, total 1H, due to double bond character of the C(0)-N in amide), 6.89 (dt, J=8.3,2.7Hz, 1H), 
7.03 and 7.07 (t, J=7.8Hz, total 1H, due to double bond character of the C(O) in amide), 7.21 (d, J=7.8Hz, 1 H), 7.27 
(t, J=7.8Hz, 1 H), 7.94 (dd, J=1 1 .5,2.5Hz, 1 H), 1 0.04 (br s, 1 H), 1 2.06 (br s, 1 H). 
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MS (FAB)m/z516(M + +1); 

Anal. Calcd for C 27 H 31 F 2 N 3 0 5 : C, 62.90; H, 6.06; N, 8.15. 
Found: C, 62.92; H, 6.25; N, 7.86. 

5 Example 146 

4-(1-((2-(5-Fluoro-2-methylphenylamino^ acid: 
(Step 1) Synthesis of methyl (2-(5-fluoro-2-methylphenylamino)-6-benzoxazolyl)acetate 

10 

[1386] 



15 




20 [1387] In methanol (50 ml), 5-fluoro-2-methylphenyl isothiocyanate (2.00 g, 12.0 mmol) was added to methyl 4-ami- 

no-3-hydroxyphenylacetate (2.1 7 g, 12.0 mmol) and the resulting mixture was stirred at room temperature for 27 hours. 

Mercuric oxide (yellow) (3.12 g, 14.4 mmol) was added to the reaction mixture, followed by stirring at 70°C for 4 hours. 

After cooling to room temperature, the reaction mixture was filtered through Celite, followed by washing with methanol. 

The filtrate was distilled under reduced pressure to remove the solvent. The residue was purified by chromatography 
25 on a silica gel column, whereby from chloroform/ethyl acetate (1 0/1 ) eluate fractions, methyl (2-(5-fluoro-2-methylphe- 

nylamino)-6-benzoxazolyl)acetate (1 .73 g, 46%) was obtained as a brown oil. 

1 H-NMR (CDCI 3 ) 8: 2.13 (s, 3H), 3.705 (s, 2H), 3.711 (s, 3H), 6.74 (dt, J=8.3,2.7Hz, 1 H), 6.81 (br, 1 H) t 7.15 (dd, J=8.1 , 
1 .7Hz; 2H), 7.31 (d t J=1 .2Hz, 1 H), 7.44 (d, J=8.1 Hz, 1 H), 8.09 (dd, J=11 .0,2.7Hz, 1 H). 
MS (ESI) m/z315(M++1). 

30 

(Step 2) Synthesis of (2-(5-fluoro-2-methylphenylamino)-6-benzoxazolyl)acetic acid 
[1388] 

35 




40 

[1 389] Methyl (2-(5-fluoro-2-methylphenylamino) -6-benzoxazolyl)acetate (1 .73 g, 5.50 mmol) was dissolved in THF/ 
methanol (2:1 , 30 ml). To the resulting solution was added 1N NaOH (20 ml) and the mixture was stirred at room 
temperature for 3.5 hours. The reaction mixture was distilled under reduced pressure to remove the solvent. The 
45 residue was acidified with 1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, 
washed with water and dried under reduced pressure to give (2-(5-fluoro-2-methylphenylamino)-6-benzoxazolyl)acetic 
acid (1 .60 g, 97%) was obtained as a colorless crystalline powder. 

1 H-NMR (DMSO-d 6 ) 8: 2.49 (s, 3H), 3.64 (d, J=1.7Hz, 2H), 6.87 (dt, J=8.3,1.5Hz, 1H), 7.11 (d, J=8.1Hz, 1H), 7.25 (t, 
J=7.3Hz, 1H), 7.37 (d, J=8.1Hz, 1H), 7.41 (s, 1H), 7.95 and 7.98 (each s, total 1H, amide isomers), 9.80 (br, 1H). 
so MS(ESI)m/z301 (M + +1). 



55 
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(Step 3) Synthesis of methyl 4-(1 -((2-(5-fluoro-2-methylphenylamino)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)benzoate 

[1390] 

5 



10 




[1391] In DMF (5 ml), (2-(5-fluoro-2-methylphenylamlno)-6-benzoxazoyl)acetic acid (300 mg, 1,0 mmol), methyl 
4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)benzoate (253 mg, 1 .0 mmol), EDC HCI (288 mg, 1 .5 mmol), HOBt (203 mg, 

15 1 .5 mmol) and triethylamine (0.70 ml, 5.0 mmol) were stirred at room temperature for 1 7 hours. The reaction mixture 
was poured into ice water, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried 
over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (1/4) eluate fractions, methyl 
4-(1-((2-(5-fluoro-2-methylphenylamino)-6-^ (630 

20 mg, 100%) was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 2,05-2.62 (m, 5H), 3.73 (d, J=3.9Hz, 2H), 3.80 (m, 1H), 3.86 (s, 3H), 3.90-4.10 (m, 2H), 4.46-4.68 
(m, 2H), 5.23-5,38 (m, 1 H), 6.73 (dt, J=8.1 /2.4Hz/ 1 H), 6.86 and 6.98 (each d, each J=8.8Hz, total 2H, amide isomers), 
7.12 (m, 3H), 7.26 (s, 1 H), 7.29 (t, J=9.0Hz, 1 H), 7.43 (t, J=8.1Hz, 1H), 7.95 and 7.99 (each d, each J=8.8Hz, total 2H, 
amide isomers), 8.05 and 8.08 (each s, total 1H, amide isomers). 

25 MS(ESI)m/z536(M + +1). 

(Step 4) Synthesis of 4-(1 -((2-(5-fluoro-2-methylphenylamino)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)benzoic acid 

30 [1392] 



35 




[1393] Methyl 4-(1-((2-(5-fluoro-2-methylphenylamino)-6-benzoxazolyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmeth- 
40 oxy)benzoate (630 mg, 1 .0 mmol) was dissolved in THF/methanol (20/1 0 ml). To the resulting solution was added 1 N 
NaOH (20 ml). The resulting mixture was stirred at room temperature for 23 hours. From the reaction mixture, the 
solvent was distilled off under reduced pressure. The residue was acidified with 1 N HCI. The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give the 
title compound (501 mg, 96%) as a pale pink solid. 
45 IR(ATR)v2983, 1684, 1639, 1604, 1576, 1541, 1508, 1423 cm* 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 2.24 (m, 2H), 2.30 (s, 3H), 3.67-4.10 (m, 5H), 4.21-4.71 (m, 2H), 5.38 and 5.45 (each d, J=54.6 
and 53.1Hz respectively, total 1H, amide isomers), 6.87 (dt, J=8.5,2.2Hz, 1H), 7.03-7.13 (m, 3H), 7.25 (t, J=7.6Hz, 
1 H), 7.36 and 7.39 (each s, total 2H, amide isomers), 7.87 (dd, J=9.0,2.2Hz, 2H), 7.95 (d, J=1 1 .0Hz, 1 H) , 9.80 (br, 1 H) . 
MS (ESI)m/z522 (M + +1); 
so Anal. Calcd for C^H^FNaOg.O./^O.O^HCI: C, 61 .29; H, 4.92; N, 7.66; CI, 2.58; F, 6.92. 
Found: C, 61.13; H, 4.74; N, 7.38; CI, 2.57; F, 6.87. 
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Example 147 

4-(1-((3-Chloro-4-((1-methyl-3-indolylcaroonyl)a^ 
acid: 

5 

(Step 1) Synthesis of ethyl (3-Chloro-4-((1-methyl-3-lndolylcarbonyl)amlno)phenyl)acetate 
[1394] 

10 




[1395] In DMF (20 ml), EDC HCI (1.44g, 7.49 mmol) was added to 1-methyl-3-indolylcarboxylic acid (1.01 g, 5.71 
mmol), ethyl 4-amino-3-chlorophenylacetate (1 .22 g, 5.71 mmol), HOBt (0.86 g, 6.34 mmol), and DMAP (0,14 g, 1 .15 

20 mmol) and the resulting mixture was stirred at 70°C for 18 hours. After cooling to room temperature, the reaction 
mixture was added with water, followed by extraction with ethyl acetate. The extract was washed with saturated brine, 
dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 
purified by chromatography on a silica gel column, whereby from n-hexane- ethyl acetate (1:1, v/v) eluate fractions, 
ethyl (3-chloro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetate (639 mg, 30%) was obtained as a yellow solid. 

25 1H-NMR (CDCI 3 ) 5: 1 .27 (t, J=7.1 Hz, 3H), 3.58 (s, 2H), 3.89 (s, 3H), 4.1 7 (q, J=7.1 Hz, 2H), 7.24 (dd, J=8.3,2.0Hz, 1 H), 
7.32-7.43 (m, 4H), 7.81 (s, 1H), 8.16 (m, 1H), 8.28 (broads, 1H), 8.59 (d, J=8.3Hz, 1H). 
MS (ESI) m/z371 (M + +1), 

(Step 2) Synthesis of (3-chloro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetic acid 

30 

[1396] 




[1397] Ethyl (3-chloro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetate (639 mg, 1.72 mmol) was dissolved in 
THF (17.5 ml). To the resulting solution was added 0.25N NaOH (10.3 ml, 2.58 mmol), followed by stirring at room 
temperature for 4 hours. The reaction mixture was poured in 1N HCI (15 ml). The crystals thus precipitated were 
collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give (3-chloro- 
45 4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetic acid (549 mg, 93 %) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 8: 3.61 (s, 2H), 3.89 (s, 3H), 7.1 7-7.28 (m, 3H), 7.43 (d, J=1 JHzJ 1 H), 7.53 (d, J=8.3Hz, 1 H), 7.69 
(d, J=8.3Hz, 1H), 8.14 (d, J=7.8Hz, 1H), 8.26 (s, 1H), 9.26 (s, 1H). 



50 
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(Step 3) Synthesis of methyl 4-(1 -((3-chloro-4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)benzoate 

[1398] 

5 



10 




[1 399] In DMF (5.0 ml), EDC HCI (1 61 mg, 0.84 mmol) was added to (3-chloro-4-((1 -methyl-3-indolylcarbonyl)amino) 
15 phenyl)acetic acid (240 mg, 0.70 mmol), methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)benzoate (1 77 mg, 0.70 mmol), 
HOBt(114mg, 0.84 mmol), andDMAP (17.0mg, 0.1 4 mmol) and the resulting mixture was stirred at room temperature 
for 24 hours. Water was added to the reaction mixture, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from ethyl acetate eluate 
20 fractions, methyl 4-(1-((3-chloro-4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidlnyl- 
methoxy)benzoate (1 76 mg, 43%) was obtained as a pale yellow amorphous substance. 

1 H-NMR (CDCI 3 ) 6: 2.03-2.69 (m, 2H), 3.59 (d, J=15.2Hz, 1H), 3.64 (d, J=15.2Hz, 1H), 3.68-4.19(m, 9H, including 
singlet, 3H, at 8: 3.86, and singlet, 3H, at 6: 3.87), 4.47-4.63 (m, 2H), 5.36 (m, 1H), 6.98 (d, J=8.8Hz, 2H), 7.18 (d, 
J=8.3Hz, 1H), 7.32-7.42 (m, 4H), 7.80 (s, 1H), 7.95 (d, J=8.8Hz, 2H) , 8.13 (m, 1H), 8.27 (broads, 1H), 8.56 (m, 1H). 
25 MS(ESI)m/z578(M + +1). 

(Step 4) Synthesis of 4-(1-((3-chloro-4-((1-methyl-3-lndolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoror(2S)- 
pyrrolidinylmethoxy)benzoic acid 

30 [1400] 



35 




40 [1401] Methyl 4-(1-((3-chloro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(4S)-fluoro-(2S)-pyrrolidinyl- 
methoxy)benzoate (176 mg, 0.30 mmol) was dissolved in THF (3.0 ml). To the resulting solution was added 0.25N 
NaOH (1.83 ml, 0.45 mmol). The resulting mixture was stirred at room temperature for 19 hours and at 60°C for 5 
hours. The reaction mixture was poured in 1 N HCI (5.0 ml). The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water and dried under reduced pressure precipitate to give the title compound 

45 (120 mg, 71 %) as a colorless solid. 

IR(ATR)v 1708, 1650, 1604, 1579, 1511, 1469 cm" 1 ;. 

1 H-MMR (DMSO-d 6 ) 5: 2.26-2.33 (m, 2H), 3.69 (d, J=15.9Hz, 1 H), 3.75 (d, J=15.9Hz, 1H), 3.80-3.97 (m, 7H, including 
singlet, 3H, at 5: 3.89), 4.40-4.44 (m, 2H), 5.46 (m, 1 H), 7.07 (d, J=8.8Hz, 2H), 7.1 8-7.28 (m, 2H), 7.39 and 7.42 (each 
broad s, total 1H), 7.53 (d, J=8.1Hz, 1H), 7.70 (d, J=8.1Hz, 1H), 7.87 (d, J=8.8Hz, 2H), 8.14 (d, J=7.8Hz, 1H), 8.26 (s, 
so 1H), 9.26 (s, 1H), 12.60 (broad s, 1H). 
MS (ESI)m/z564 (M + +1); 

Anal. Calcd for C^H^CIF^Og: C, 63.89; H, 4.83; N, 7.45. 
Found: C, 63.50; H.5.01; N, 7.13. 
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Example 148 

3-Amino-4-((4S)4luoro-V((2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrro acid 

5 (Step 1 ) Synthesis of methyl 4-((4S)-fluoro-1 -((2-methylphenylamlno)-6-benzoxazolylacetyl)-(2S)- 
pyrrolidinylmethoxy)-3-nitrobenzoate 

[1402] 

10 

F 



15 




[1403] In DMF (10 ml) were dissolved ((2-methylphenylamino)-6-benzoxazolyl)acetic acid (391 mg, 1 .38 mmol) and 
20 methyl 4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy)*3-nitrobenzoate (412 mg, 1 .38 mmol). To the resulting solution were 
added EDC HCI (405 mg, 2.11 mmol), HOBt (2.5 mg, 0.02 mmol), and DMAP (2.5 mg, 0.02 mmol), and the resulting 
mixture was stirred at room temperature for 1 8 hours. To the reaction mixture was added water, followed by extraction 
with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
25 whereby from chloroform-methanol (20:1 , v/v) el uate fractions, methyl 4-((4S)-fluoro-1 -((2-methylphenylamino)-6-ben- 
zoxazolylacetyl)-(25)-pyrrolidinylmethoxy-3-nitrobenzoate (460 mg, 59%) was obtained as a yellow solid. 
1 H-NMR (CDCI 3 ) 5: 2.12 (m, 2H), 2.34 (s, 3H), 2.67 (d, J=17.2Hz, 1H), 3.73 (m, 1H), 3.82 (m, 1H), 3.92 (s, 3H), 4.03 
(m, 1H), 4.11 (m, 1H), 4.58 (br, 1H), 4.72 (br, 1H), 5.31 (d, J=58.1Hz, 1H), 6.73 (m, 1H) t 6.94 (m, 1H), 7.09 (m, 2H), 
7.25 (m, 2H), 7.32 (m, 3H), 8.08 (m, 1H), 8.16 (m, 1H). 

30 

(Step 2) Synthesis of methyl 3-amino-4-((4S)-fluoro-1-((2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)- 
pyrrolidinylmethoxy)benzoate 

[1404] 



F 



40 




45 [1405] In ethanol (5 ml) and THF (2 ml), methyl 4-((4S)-fluoro-1 -((2-methylphenylamino-6-benzoxazolylacetyl)-(2S)- 
pyrroIidinylmethoxy-3-nitrobenzoate (460 mg, 0.82 mmol) and 5% palladium-carbon (500 mg) were subjected to cat- 
alytic hydrogenation for 60 hours under normal pressure. From the reaction mixture, the catalyst was filtered off and 
the filtrate was distilled under reduced pressure to remove the solvent. The residue was purified by chromatography 
on a silica gel column, whereby from chloroform-methyl ester (1 0:1 , v/v) eluate fractions, methyl 3-amino-4-((4S)-f luoro- 

so 1 -((2-methylphenylamino)-6-benzoxazolylacetyl)-(2S)-pyrrolidinylmethoxy)benzoate (1 92 mg, 44%) was obtained as 
a brown solid. 

IR (KBr) v 1708, 1639, 1573 cm-1; 

1 H-NMR (CDCI3) 6: 2.12 (m, 2H), 2.36 (s, 3H), 2.47 (dd, 

J=16.0, 21.5Hz, 1H),3.73 (m, 2H), 3.84 (s, 3H),4.11 (br, 1H), 4.16 (m, 1 H), 4.40 (dd, J=4.8,8.8Hz, 1H),4.49 (br, 1k), 
55 4.73 (br, 1H), 5.33 (series of dt, J=4.4, 52.8Hz, total 1H), 6.90 (m, 1H), 7.08 (d, J=7.2Hz, 2H) , 7.23 (m, 2H), 7.30 (d, 
J=7.2Hz, 1H), 7.36 (dd, J=11 .2,12.8Hz, 1H), 7.43 (m, 1H), 8.09 (d, J=8.0Hz, 2H). 
MS (ESI) m/z 533 (M++H); 

Anal. Calced for C^H^FN^g 2.5H 2 0: C, 60.30; H, 5.93; N, 9.70. 
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Found: C, 60.48; 11 .2, H, 5.13; N, 9.26. 



(Step 3) Synthesis of 3-amino-4-((4S)-fluoro-1-((2-methylphenylamlno)-6-benzoxa2olylacetyl)-(2S)- 
pyrrolidinylmethoxy)benzoic acid 



[1406] 



F 




[1407] Methyl 3-amino-4-((4S)-fluoro-1-((2-methylphenylam 

benzoate (191 mg, 0.36 mmol) was dissolved in THF (3 ml). To the resulting solution was added 0.25N NaOH (3 ml), 
and the resulting mixture was heated under reflux for 5 hours. After cooling, the reaction mixture was concentrated 
under reduced pressure to remove the solvent and the residue was diluted with a chloroform-methanol mixture (5:1 , 
v/v). The solution was washed with 1N HCI, dried over anhydrous magnesium sulfate, and distilled under a reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
chloroform-methanol (5:1 , v/v) eluate fractions, the title compound (76 mg, 41%) was obtained as a brown solid. 
IR(ATR)v 1639, 1573 cnr 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 2.27 (s, 3H), 2.49 (s, 1 H), 3.7-4.1 (series of m, total 4H), 4.24 (m, 2H), 4.46 (m, 2H), 5.42 (series 
of d, J=53.2Hz, total 1H), 6.86 (d, J=8.0Hz, 1H), 7.04 (t, J=14.4Hz, 2H), 7.05 (s, 1H), 7.14 (m, 1H), 7.22 (m, total 3H), 
7.33 (d, J=5.6Hz, 1H), 7.78 (d, J=8.4Hz, 2H) , 9.67 (br t 1H) . 
MS (ESI)519(M + +1). 



4-(1-(3-Chloro-4-((1-methyl-3-indolylcarbonyl)amino)phenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)- 
2-methoxybenzoic acid: 

(Step 1) Synthesis of ethyl 4-(1-(3-Chloro-4-((1-methyl-3-indolylcarbonyl)amino)phenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)-2-methoxybenzoate 



[1409] In DMF (1 4 ml), EDO HCI (1 73.2 mg, 0.904 mmol) was added to ethyl 4-((4S)-f luoro-(2S)-pyrrolidinylmethoxy)- 
2-methoxybenzoate (179.1 mg, 0.602 mmol), 3-chloro-4-((1-methyl-3-indolylcarbonyl)amino)phenylacetic acid (206.4 
mg, 0.602 mmol) and HOBt (32.6 mg, 0.241 mmol) and the resulting mixture was stirred at room temperature for 18 
hours. The reaction mixture was diluted with ethyl acetate. The diluted mixture was washed successively with 1 N HCI 
and a saturated aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from chloroform-methanol (25:1, v/v) eluate fractions, ethyl 4-(1-(3-chloro-4-((1-methyl-3-indolylcarbonyl)amino)phe- 
nylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)-2-methoxybenzoate (100 %) was obtained as an amorphous sub- 
stance. 

1 H-NMR (CDCI 3 ) 6: 1,35 (3H, t, J=7.6Hz, OCH 2 Me), 1.72-2.70 (total 2H, series of m), 3.52-4.18 (total 11 H, series of 
m, including 3H, s, at 6: 3.34 and 3H, s at 5: 3.92), 4.30 (2H, q, J=7.6Hz, OCH 2 Me), 4.50-4.66 (2H, m), 5.31 (1H, d, 
J=52.4Hz), 6.40-6.64 (total 2H, m), 7.20 (1H, m), 7.29-7.45 (4H, m), 7.75-7.88 (2H, m), 8.14 (1H, in), 8.25 (1H, m), 
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F 




328 



EP 1 346 982 A1 



8.57 (1H,m). 



(Step 2) Synthesis of 4-(1 -(3-chloro-4-((1-methy1-3-indolylcaifconyl)^^ 
pyrrolidinylmethoxy)-2-methoxybenzoic acid 



[1410] 



F 



Me' 




[1411] Ethyl 4-(1-(3-chloro-4-((1-methyl-3-indolylcarbonyl)amino^ 

oxy)-2-methoxybenzoate (374.6 mg, 0.602 mmol) was dissolved in THF (8.0 rnl). To the resulting solution was added 
0.25N NaOH (8.0 ml), followed by stirring at room temperature for 18 hours. The reaction mixture was concentrated. 
The concentrate was then neutralized with 1 N HCI (2.5 ml). The crystals thus precipitated were collected by filtration 
under reduced pressure, washed with water and dried at 50°C under reduced pressure to give the title compound 
(345.8 mg, 97%) as an amorphous substance. 
IR(ATR)v 1608, 1511 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 82.15-2.40 (2H, m), 3.40-4.78 (total 13H, m, including 3H, s at 5: 3.84 and 3H, s at 8: 3.91), 5.42, 
5.49 (total 1H, br d, J=52.0Hz), 6.50-6.80 (2H, m), 7.23 (3H, m), 7.44 (1H, d, J=10.0Hz), 7.57 (1H, d, J=10.0Hz), 7.70 
(2H, m), 8.16 (1H, m), 8.29 (1H, s), 9.32 (1H, m), 12.15 (1H, brs, C0 2 H) . 
MS (ESI) m/z 594 (M + +1); 

Anal. CalcdforC 31 H29CIFN 3 0 6 H 2 0: C, 60.83; H, 5.11; N, 6.87; CI, 5.79; F, 3.10. 
Found: C, 60.53; H, 5.01 ; N, 6.71 ; CI, 5.69; F, 3.09. 



6-(1-(3-Chloro-4-(1-methyl-3-indolyl)carbonylaminophen acid: 

(Step 1) Synthesis of methyl 6-(1-(3-Chloro-4-(1-methyi-3-indolyl)carbonylaminophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)nicotinate 



[1413] Methyl 6-(1-tert-butoxycarbonyl-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)nicotinate (197 mg, 0.50 mmol) was dis- 
solved in methylene chloride (10 ml). Under stirring at 0°C, trifluoroacetic acid (10 ml) was added and the resulting 
mixture was stirred at room temperature for 30 minutes. From the reaction mixture, the soivent was distilled off under 
reduced pressure. To the residue was added a saturated aqueous solution of sodium bicarbonate, followed by extraction 
with methylene chloride. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and dis- 
tilled under reduced pressure to remove the solvent. The residue was provided for the subsequent reaction without 
further purification. In THF (5.0 ml) and acetonitrile (5.0 ml), EDC-HCI (144 mg, 0.75 mmol) was added to the resulting 
compound, (3-chloro-4-(1-methyl-3-indolyl)carbonylaminophenyl)acetic acid (171 mg, 0.5 mmol), HOBt (70 mg, 0.5 
mmol), and triethylamine (208 u.l, 1 .5 mmol) at 0°C. The resulting mixture was stirred at room temperature for 1 6 hours. 
Water was added to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed with a 
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saturated aqueous solution of sodium bicarbonate and a 2M aqueous solution of citric acid, dried over anhydrous 
sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatog- 
raphy using a silica gel thin-layer plate (TLC), whereby from chloroform-methanol (95:5, v/v) eluate fractions, methyl 
6-(1-(3^hloro-4-(1-methyl-3-indolyl^ (330 
mg, 100 %) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 5: 2.10-2.55 (m, 2H), 3.55-4.05 (m, 10H), 4.25-4.85 (m, 3H), 5.24-5.37 (m, 1H), 6,78 (t, J=8.8Hz, 
1H), 7.25-7.44 (m, 5H), 7.80 (d, J=4.6Hz, 1H), 8.13-8.25 (m, 3H), 8.54-8.59 (m, 1H) f 8.80-8.86 (m, 1H) . 

(Step 2) Synthesis of 6-(1-(3-chloro-4-(1-methyl-3-indolyl)carbonylaminophenylacetyl)-(4S)-fluoro-(2S)- 
pyrrolidinylmethoxy)nicotinic acid 

[1414] 




[1415] Methyl 6-(1-(3-chloro-4-(1-methyl-3-indolyl)carbonylaminophenylacetyl)-(4S)-fluoro-(2S)-pyrrolidinylmeth- 
oxy)nicotinate (330 mg, 0.5 mmol) was dissolved in THF (10 ml) and methanol (15 ml). To the resulting solution was 
added 1 N NaOH (1 .0 ml, 1 .0 mmol). The resulting mixture was stirred at 70°C for 1 8 hours. After cooling, the reaction 
mixture was acidified with water and 1N HCI. The crystals thus precipitated were collected by filtration under reduced 
pressure, washed with water and dried under reduced pressure to give the title compound (270 mg, 96%) as a white 
solid. 

IR(ATR)v2983, 1600, 1511, 1222 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 2.20-2.40 (m, 2H), 3.50-4.00 (m, 7H) , 4.1 0-4.80 (m, 3H), 5.38-5.52 (m, 1 H), 6.90-6.93 (m, 1 H), 
7.18-7.28 (m, 1H), 7.41 (s, 1H), 7.54 (d, J=8.3Hz/1H), 7.65-7.68 (m, 1H), 8.14-8.20 (m, 2H), 8.26 (s, 1H), 8.68-8.73 
(m, 1H),9.29 (s, 1H). 
MS (FAB) m/z 565 (M+H)+; 

Anal, calcd for CggHgeCIFN^g 0.5 H 2 0: C, 60.68; H, 4.74; N, 9.76. 
Found: C, 60.49; H, 4.72; N, 9.56. 

Example 151 

4-(3 l 4-Dehydro-1-((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidinylmethoxy)benzoic acid: 

(Step 1) Synthesis of methyl 4-(3,4-dehydro-1-((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(2S)- 
pyrrolidinylmethoxyjbenzoate 

[1416] 




[1417] In DMF (7.5 ml) were dissolved (2-(2-methylphenylamino)-6-benzoxazolyl)acetic acid (223 mg, 0.79 mmol), 
methyl 4-(3,4-dehydro-(2S)-pyrrolidinylmethoxy)benzoate (184 mg, 0.79 mmol), HOBt (21.0 mg, 0.16 mmol), and tri- 
ethylamine (0.16 ml, 1 .15 mmol). To the resulting solution was added EDC HCI (227 mg, 1 .15 mmol) and the resulting 
mixture was stirred at room temperature for 12 hours. To the reaction mixture was added water, followed by extraction 
with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from ethyl acetate eluate fractions, methyl 4-(3,4-dehydro-1-((2-(2-methylphenylamino)-6-benzoxazofyl) 
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acetyl)-(2S)-pyrrolidinylmethoxy)benzoate (331 mg, 84 %) was obtained as a yellow solid. 

1 H-NMR (CDCI 3 ) 5: 2.37 (s, 3H), 3.71 (s, 2H), 3.84 (s, 3H), 4.20 (m, 1H), 4.31-4.35 (m, 2H), 4.42 (dd, J=9.5,5.4Hz, 
1 H), 5.1 0 (m, 1 H), 5.87-5.95 (m, 2H), 6.86 (d, J=8.8Hz, 2H), 7.05-7.09 (m, 2H), 7.1 6 (d, J=1 .2Hz, 1 H), 7.22 (d, J=8.1 Hz, 
1H), 7.31 (t, J=8.1Hz, 1H), 7.37 (d, J=8.1Hz, 1H), 7.93 (d, J=8.8Hz, 2H), 8.19 (d, J=7.6Hz, 1H). 
5 MS(ESI)498(M + +1). 

(Step 2) Synthesis of 4-(3 ( 4-dehydro-1-((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidinylmethoxy) 
benzoic acid 

10 [1418] 



15 




20 [1419] Methyl 4-(3,4-dehydro-1-((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(2S)-pyrrolidinylmethoxy)ben- 
zoate (331 mg, 0.67 mmol) was dissolved in THF (7.0 ml). To the resulting solution was added 0.25N NaOH (4.00 ml, 
1 .00 mmol), followed by stirring at room temperature for 6 hours. The reaction mixture was poured in 1 N HCI (10 ml). 
The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 
reduced pressure to give the title compound (241 mg, 75 %) as a pale yellow solid. 

25 |R (ATR) v 3060, 2921, 1681, 1639, 1604, 1573, 1509, 1423 cm* 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 2.29 (s, 3H) , 3.71 (s, 2H) , 4.23-4.25 (m, 2H), 4.33 (m, 1H), 4.22 (m, 1H), 5.18 (broad s, 1H), 
5.96-6.02 (m, 2H), 6.96 (d, J=8.8Hz, 2H), 7.02-7.09 (m, 2H), 7.21-7.23 (m, 3H), 7.30 (broad s, 1H), 7.79 (d, J=8.3Hz, 
1H), 7.85 (d, J=8.8Hz, 2H), 9.63 (broad s, 1H). 
MS (FAB) 484 (M++1); 

30 Anal. Calcd for C 28 H 25 N 3 0 5 0.5H 2 O: C, 68.28; H, 5.32; N, 8.53. 
Found: C, 68.03; H, 5.35; N, 8.42. 

Example 152 

35 4-((3S)-Methoxy-1 -((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(2R)-pyrrolidinylmethoxy)benzoic acid : 
(Step 1) Synthesis of methyl 4-(1-(tert-butoxycarbonyl)-(3S)-methoxy-(2R)-pyrrolidinylmethoxy)benzoate 
[1420] 




[1421] Methyl 4-((3S)-hydroxy-(2R)-pyrrolidinylmethoxy)benzoate (501 mg, 1.43 mmot) was dissolved in DMF (7.5 
ml). To the resulting solution was added sodium hydride (60% in oil, 68 mg, 1.71 mmol) in portions under stirring at 

so 0°C. After stirring at 0°C for 30 minutes, methyl iodide (0.27 ml, 4.28 mmol) was added.' The resulting mixture was 
stirred at the same temperature for 1 hour. A saturated aqueous solution of ammonium chloride was added, followed 
by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from n-hexane - ethyl acetate (3:1 , v/v) eluate fractions, methyl 4-(1-(tert-butoxycarbonyl)-(3S)- 

55 methoxy-(2R)-pyrrolidinylmethoxy)benzoate (569 mg, 100%) was obtained as a yellow oil. 

1 H-NMR (CDCI3) 6: 1 .48 (broad s, 9H), 1 .95-2.19 (m, 2H), 3.34 (s. 3H), 3.38-3.54 (m, 2H), 3.89 (s, 3H), 3.93-4.30 (m, 
4H), 6.96 (d, J=8.6Hz, 2H), 7.98 (d, J=8.6Hz, 2H). (Step 2) Synthesis of methyl 4-((3S)-methoxy-(2R)-pyrrolidinylmeth- 
oxy)benzoate 
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[1 422] Methyl 4-(1 -(tert-butoxycarbonyl)-(3S)-methoxy-(2R)-pyrrolidinylmethoxy)ben2oate (569 mg, 1 .56 mmol) was 
dissolved in methylene chloride (10 ml). To the resulting solution was added trifluoroacetic acid (5.0 ml) under stirring 

w at 0°C. The resulting mixture was stirred at room temperature for 3 hours. From the reaction mixture, the solvent was 
distilled off under reduced pressure. The residue was neutralized with a saturated aqueous solution of sodium bicar- 
bonate, followed by extraction with chloroform. The extract was dried over anhydrous sodium sulfate and distilled under 
reduced pressure to remove the solvent, whereby methyl 4-((3S)-methoxy-(2R)-pyrrolidinylmethoxy)benzoate (356 
mg, 86 %) was obtained as a yellow oil. 

15 1H-NMR (CDCI 3 ) 5: 1 .86-2.01 (m, 3H), 3.02-3.1 5 (m t 2H), 3.35 (s. 3H), 3.45 (m, 1 H), 3.81 (m, 1 H), 3.88 (s, 3H), 3.95-4.02 
(m, 2H), 6.92 (d, J=8.0Hz, 2H), 7.98 (d, J=8.0Hz, 2H). 

(Step 3) Synthesis of methyl 4-((3S)-methoxy-1-((2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2R)- 
pyrrolidinylmethoxy)benzoate 

20 

[1423] 



25 




30 

[1424] In DMF (7.0 ml), EDC HCI (193 mg, 1.01 mmol) was added to (2-(2-methylphenylamino)-6-benzoxazotyl) 
acetic acid (189 mg, 0.67 mmol), methyl 4-((3S)-methoxy-(2R)-pyirolidinylmethoxy)benzoate (178 mg, 0.67 mmol), 
HOBt (18.0 mg, 0.13 mmol), and triethylamine (0.14 ml, 1.01 mmol) and the resulting mixture was stirred at room 
temperature for 24 hours. The reaction mixture was diluted with ethyl acetate. The diluted mixture was washed with 
35 saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl 
4-((3S)-methoxy-1 - ((2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2R)-pyrrolidinylmethoxy)benzoate (384 mg, 
100 %) was obtained as a pale yellow amorphous substance. 

1 H-NMR (CDCI3) 8: 2.11 (m, 1 H), 2.23 (m, 1 H), 2.36 (s, 3H), 3.30 (s, 3H), 3.56-3.68 (m, 2H), 3.71 (s, 2H), 3.85 (s, 3H), 
40 3.98 (m, 1 H), 4.1 0 (dd, J=1 0.0,6.8Hz, 1 H), 4.29 (dd, J=1 0.0,3.2Hz, 1 H) , 4.44 (m, 1 H), 6.91 (d, 3=9.0Hz, 2H), 7.04-7.08 
(m, 2H), 7.19 (d, J=2.2Hz, 1H), 7.21 (m, 1H), 7.29 (m, 1H), 7.34 (d, J=7.9Hz, 1H), 7.94 (d, J=9.0Hz, 2H), 7.98 (d, 
J=8.1Hz, 1H), 8.01 (broads, 1H). 
MS (ESI)m/z530 (M + +1). 

45 (Step 4) Synthesis of 4-((3S)-methoxy-1 -((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(2R)-pyrrolidinylmethoxy) 
benzoic acid 

[1425] 

50 



55 




[1426] Methyl 4-((3S)-methoxy-1-((2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(2R)-pyrrolidinylmethoxy)ben- 
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zoate (384 mg, 0.73 mmol) was dissolved in THF (7.5 ml). To the resulting solution was added 0.25N NaOH (4.40 ml, 

1,09 mmol), followed by stirring at room temperature for 5 hours. The reaction mixture was poured in 1N HCI (10 ml). 

The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 

reduced pressure to give the title compound (300 mg, 80%) as a brown solid. 
5 IR (ATR) v 2927, 1681, 1639, 1604, 1575, 1486, 1438 cm- 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 2.08 (m, 1 H) , 2.22 (m, 1 H) , 2.30 (s, 3H), 3.22 (s, 3H), 3.60 (m, 1 H), 3.67 (m, 1 H), 3.73 (s, 2H), 

3.91 (m, 1H), 3.97 (m, 1H), 4,21-4.23 (m, 2H), 7.00-7.08 (m, 4H), 7.22-7.25 (m, 3H), 7.31 (broad s, 1H), 7.81 (d, 

J=8.3Hz ( 1H), 7.87 (d, J=8.6Hz, 2H), 9.59 (broad s, 1H) . 

MS (FAB) m/z516(M++1); 
w Anal. Calcd for C^H^^Og H 2 0: C, 65.28; H. 5.86; N, 7.88. 

Found: C, 65.57; H, 5.95; N, 7.87. 

Example 153 

15 4-(1-(2-(2-Methylphenylamino)-6-benzoxazolylacetyl)-(4R)-thiazolidinylmethoxy)benzoic acid: 

(Step 1) Synthesis of methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4R)-thiazolidinylmethoxy) 
benzoate 

20 [1427] 



25 




COOMe 



[1428] Methyl 4-((4R)-thiazolidinylmethoxy)benzoate (354 mg, 1.4 mmol), (2-(2-methylphenylamino)-6-benzoxa- 
30 zolyl)acetic acid (395 mg, 1 .4 mmol), HOBt (189 mg, 1 .4 mmol), and triethylamine (583 uJ, 4,2 mmol) were dissolved 
in methylene chloride (15 ml). Under stirring at 0°C, EDC-HCI (403 mg, 2.1 mmol) was added. The reaction mixture 
was stirred at room temperature for 1 6 hours. From the reaction mixture, the solvent was distilled off under reduced 
pressure. Water was added to the residue, followed by extraction with ethyl acetate. The extract was washed succes- 
sively with a saturated aqueous solution of sodium bicarbonate, a 2M aqueous solution of citric acid, and a saturated 
35 aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane- 
ethyl acetate (1:1, v/v) eluate fractions, methyl 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4R) : thiazoIidi- 
nylmethoxy)benzoate (600 mg, 83%) was obtained as a yellow oil. 

1 H-NMR (CDCI 3 ) 8: 2.34 and 2.36 (total 3H, each s), 3.05-3.18 (m, 2H), 3.80-4.94 (m, 10H), 6.81-7.41 (m, 9H), 7.97 
40 (d, J=8.8Hz, 2H), 8.06 (d, J=8.0Hz, 1 H). 

(Step 2) Synthesis of 4-(1-(2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4R)-thiazolidinylmethoxy)benzoic acid 

[1429] 



50 




COOH 



[1430] Methyl 4- (1 - (2-(2-methylphenylamino)-6-benzoxazolylacetyl)-(4R)-thiazolidinylmethoxy)benzoate (600 mg, 
1 .16 mmol) was dissolved in THF (5.0 ml) and ethanol (3.0 ml). To the resulting solution was added 1 N NaOH (1 .5 ml, 
55 1 .5 mmol). The resulting mixture was stirred at 70°C for 18 hours. After cooling, the reaction mixture was distilled under 
reduced pressure to remove the solvent. The residue was acidified with 1N HCI. The crystals thus precipitated were 
collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give the title 
compound (560 mg, 96%) as a white crystalline powder. 
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IR (KBr) v 2987, 2900, 1639, 1575, 1241 , 754 cm" 1 ; 

1 H-NMR (DMSO-cy 5: 2.30 (s, 3H), 3.05-3.30 (m, 3H), 3.70-4.30 (m, 3H) , 4.56-5.00 (m, 3H), 7.06-7.33 (m, 9H), 
7.80-7.88 (m, 3H). 
MS (FAB) m/z 504(M + +1); 
5 Anal, calcd for C^h^^OgS: C, 64.40; H, 5.00; N, 8.34; S, 6.37. 
Found: C, 63.76; H, 4.98; N, 8.18; S, 6.17. 

Example 154 

10 4-(2-((2-(2-Methylphenylamino)-6-benzoxazolyl)-N-methylacjetamido)ethoxy)benzote acid: 
(Step 1 ) Synthesis of methyl 4-(2-(N-methylamino)ethoxy)benzoate 
[1431] 

15 




20 

[1432] In THF (100 ml) was dissolved N-(tert-butoxycarbonyl)-2-(methylamino)ethanol (3.03 g, 17.3 mmol). To the 
resulting solution was added methyl 4-hydroxybenzoate (2.77 g, 18.2 mmol) and under stirring at 0°C in a nitrogen 
gas stream, triphenylphosphine (6.35 g, 24.2 mmol) and DIAD (3.5 ml, 24.5 mmol) were added. The resulting mixture 
was stirred further at room temperature for 18 hours. From the reaction mixture, the solvent was distilled off under 

25 reduced pressure. Water was added to the residue, followed by extraction with ethyl acetate. The extract was washed 
with saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the 
solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane-ethyl acetate (4: 
1, v/v) eluate fractions, methyl 4-(2-(N-(tert-butoxycarbonyl)-N-methylamino)ethoxy)benzoate (4.09 g, 76%) was ob- 
tained as a yellow oil. The resulting compound (933 mg, 3.01 mmol) was dissolved in methylene chloride (3 ml). To 

30 the resulting solution was added trif luoroacetic acid (1 ml) under stirring at 0°C. The reaction mixture was stirred further 
at room temperature for 2 hours. From the reaction mixture, the solvent was distilled off under reduced pressure. The 
residue was neutralized with a saturated aqueous solution of sodium bicarbonate, followed by extraction with a chlo- 
roform- methanol mixture (5:1 , v/v). The extract was washed with a saturated aqueous solution of sodium bicarbonate, 
dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent, whereby methyl 

35 9-(2-(N-methylamino)ethoxy)benzoate (618 mg, 98%) was obtained as a yellow oil. 

1 H-NMR (CDCI 3 ) 8: 2.54 (s, 3H), 3.02 (dd, J=5,0Hz, 2H), 3.88 (d, J=6.0Hz/ 3H), 4.14 (dd, J=5.0Hz, 2H), 6.80 (d, 
J=8.8Hz, 1H), 6.91 (d, J=9.0Hz, 1H), 7.91 (d, J=9.0Hz, 1H), 7.98 (d, J=8,8Hz, 1H). 

(Step 2) Synthesis of methyl 4-(2-((2-{2-methylphenylamino)-6-benzoxazolyl)N-methylacetamido)ethoxy)benzoate 

40 

[1433] 



I 



45 




50 

[1434] In DMF (6 ml) were dissolved 2-(2-methylphenylamino)-6-benzoxazolylacetic acid (154 mg, 0.55 mmol) and 
methyl 4-(2-(N-methylamino)ethoxy)benzoate (117 mg, 0.55 mmol). To the resulting solution were added EDC HCI 
(157 mg, 0.81 mmol), HOBt (5 mg, 0.04 mmol), and DMAP (5 mg, 0.04 mmol). The resulting mixture was stirred at 
room temperature for 18 hours. Water was added to the reaction mixture, followed by extraction with ethyl acetate. 
55 The extract was washed with saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
chloroform-methanol (10:1 , v/v) eluate fractions, methyl 4-(2-((2-(2-methylphenylamino)-6-benzoxazolyl)-N-methyla- 
cetamido)ethoxy)benzoate (207 mg, 80%) was obtained as a yellow oil. 
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IR(ATR) v 1710, 1631, 1573 cm' 1 ; 

1 H-NMR (CDCI 3 ) 6: 2.36 (s, 3H), 3.16 (series of d, J=2.4Hz, total 2H), 3.79 (m, 3H), 3.87 (d, J=2.4Hz, 2H), 3.87 (d, 
J=2.4Hz, 2H), 3.92 (m, 1H), 4.23 (series of t, J=4.8Hz, total 1H), 6.87 (m, 2H), 7.07 (t, J=6.4Hz, 1H), 7.22 (m, 1H), 
7.30 (m, 1H), 7.37 (d, J=8.0Hz, 1H), 7.95 (m, 2H), 8.04 (br, 2H), 8.07(d, J=7.2Hz, 1H). 
5 MS(ESI) m/z 474 (M+H) + ; 

Anal. Calced for 027^12^305 H 2 0: C, 65.98; H, 5.95; N, 8.55. 
Found: C, 65.98; H, 5.73; N, 7.68. 

(Step 3) Synthesis of 4-(2-((2-(2H7iethylphenylamino)-6-benzoxazolyl)-N-methylacetamido)ethoxy)benzoic acid 

10 

[1435] 



15 




20 [1436] Methyl 4-(2-((2-(2-methylphenylamino)-6-benzoxazoIyl)-N-methylacetamido)ethoxy)benzoate (206.9 mg, 
0.44 mmol) was dissolved in THF (5 ml). To the resulting solution was added 0.25N NaOH (5 ml), and the resulting 
mixture was stirred at room temperature for 2 hours. To the reaction mixture was added NaOH (500 mg), followed by 
heating under reflux for 3 hours. After cooling, the reaction mixture was distilled under reduced pressure to remove 
the solvent. The residue was diluted with a chloroform-methanol mixture (5:1 , v/v). The solution was washed with 1 N 

25 HCI, dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from chloroform-methanol (20:1 , v/v) eluate fractions, 
the title compound (101 mg, 51%) was obtained as a pale red solid. 
IR (ATR) v 1683, 1637, 1604, 1573 cnr 1 ; 

1 H-NMR (CDCI3) 5: 2.34 (s, 3H) , 3.47 (s, 2H), 3.71 (q, J=7.2Hz, 2H), 3.77 (s, 2H). 3.91 (m, 1H), 4.20 (m, 3H). 6.78 
30 (d, J=8.0Hz, 1 H), 6.83 (d, J=8.8Hz, 1 H), 7.07 (m, 2H), 7.22 (m, 2H), 7.32 (m, 1 H), 7.62 (m, 1 H), 7.74 (d, J=8.0Hz, 1 H), 
8.02 (t, J=9.2Hz, 2H). 
MS (ESI) m/z 460 (M+H) + ; 

Anal. Calced for C 26 H 25 FN 3 0 5 H 2 0: C, 65.45; H, 5.70; N, 8.80. 
Found: C, 65.35; H, 5.72; N, 8.25. 

35 

Example 155 

4-((4R)-Methoxy-1-((2-(2-methylphenylamino)-6-benzoxazo!yl)acetyl)-(3S)-pyrrolidinyloxy)benzoic acid: 
40 (Step 1 ) Synthesis of 1 -benzyl-(3S,4S)-dihydroxy-2,5-dioxopyrrolidine 
[1437] 



45 




[1438] In xylene (500 ml), D-tartaric acid (25.0 g, 0.17 mol) and benzylamine (1 9.6 g, 0.1 8 mmol) were heated under 
reflux for 1 8 hours by using a Dean-Stark water separator. After cooling, the reaction mixture was distilled under reduced 
pressure to remove the solvent, whereby 1 -benzyl-(3S,4S)-dihydroxy-2,5-dioxopyrrolidine (33.7 g, 90 %) was obtained 
55 as a brown solid. 

IR(KBr)v3291, 1710, 1434 cm' 1 ; 

1 H-NMR (CD3OD) 5: 4.40 (s, 2H), 4.64 (s, 2H), 7.25-7.33 (m, 5H) . 
MS (FAB) m/z 222 (M++1). 
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(Step 2) Synthesis of 1-benzyl-(3R,4R)-dihydroxypyrrolidine 
[1439] 




w 

[1440J Under stirring at 0°C, 1-benzyl-(3S,4S)-dihydroxy-2,5-dioxopyrrolidine (17.3 g, 78.3 mmol) was added to a 
suspension of lithium aluminum hydride (8.91 g, 235 mmol) in THF (500 ml). The reaction mixture was heated under 
reflux for 1 8 hours. After the reaction mixture was cooled to 0°C, ethyl acetate (50 ml) was added thereto. The resulting 
mixture was stirred for 30 minutes and then, ice water was added. The reaction mixture was filtered through Celite. 
'5 The filtrate was dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent 
to give 1-benzyl-(3R, 4R)-dihydroxypyrrolidine (9.60 g, 63 %) as a red oil. 

1 H-NMR (CDCI 3 ) 5: 2.45-2.47 (m, 2H), 2.94-2.98 (m, 2H), 3.63 (s, 2H), 4.08 (s, 2H), 7.24-7.33 (m, 5H). 
MS (ESI)m/z194 (M + +1). 

20 (Step 3) Synthesis of 1 -(tert-butoxycarbonyl)-(3R,4R)-dihydroxypyrrolidine 

[1441] 



25 



bocn CX 



OH 



30 [1442] In ethyl acetate (400 ml), 5% palladium/carbon (53.1% wet, 4.20 g) was added to 1 -benzyl-(3R,4R)-dihydrox- 
ypyrrolidine (9.60 g, 49.7 mmol) and di-tert-butyl dicarbonate (1 0.8 g, 49.7 mmol) and the resulting mixture was sub- 
jected to catalytic hydrogenation at room temperature under normal pressure for 14 hours. From the reaction mixture, 
the catalyst was filtered off and the filtrate was distilled under reduced pressure to remove the solvent, whereby 1 -(tert- 
butoxycarbonyl)-(3R,4R)-dihydroxypyrrolidine (5.64 g t 35 %) was obtained as a colorless solid. 

35 1H-MMR (CDCI3) 5: 1 .39 (s, 9H), 3.11 (dd, J=11 .3,3.4Hz, 2H), 3.34-3.38 (m, 2H), 3.86-3.87 (m, 2H), 5.03-5.04 (m, 2H). 
MS (ESI) m/z 189 (M + +1-CH 3 ). 

(Step 4) Synthesis of 1-(tert-butoxycarbonyl)-(4R)-(tert-butyldimethylsilyloxy)-(3R)-hydroxypyrroiidine 
40 [1443] 



OTBS 

BocN U. 

OH 



[1444] To a solution of 1 -(tert-butoxycarbonyl)-(3R,4R)-dihydroxypyrrolidine (5.64 g, 27.8 mmol) in THF (50 ml) was 
added sodium hydride (60% in oil, 1 .10 g, 27.5 mmol) in portions under stirring at 0°C. The reaction mixture was stirred 

50 at room temperature for 4 hours. To the reaction mixture was added tert-butyl dim ethyls ily I chloride (TBSCI) (4.15 g, 
27.5 mmol), followed by stirring for 3 hours. To the reaction mixture was added a saturated aqueous solution of am- 
monium chloride, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over 
anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by 
chromatography on a silica gel column, whereby from n-hexane - ethyl acetate (2:1 , v/v) eluate fractions, 1-(tert-bu- 

ss toxycarbonyl)-(4R)-(tert-butyldimethylsilyloxy)-(3R)-hydroxypyrrolidine (5.27 g, 60%) was obtained as a colorless oil. 
1 H-NMR (CDCI3) 6: 0.07 (s, 3H), 0.08 (s, 3H), 0.87 (s, 9H), 1 .46 (s, 9H), 3.20-3.36 (m, 2H), 3.52-3.65 (m, 2H), 4.06-4.1 2 
(m, 2H). 

MS (ESI) m/z318(M + +1). 
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(Step 5) Synthesis of methyl 4-(1-(tert-butoxycarbonyl)-(4R)-(tert-butyldim^ 



[1446] In THF (15 ml), DIAD (3.60 ml, 18.3 mmol) was added to 1-(tert-butoxycarbonyl)-(4R)-(tert-butyldlmethylsl- 
lyloxy)-(3R)-hydroxypyrrolidine (5.27 g, 16.6 mmol), methyl 4-hydroxybenzoate (2.53 g, 16.6 mmol), and triphenyl- 
phosphine (4.79 g, 18.3 mmol) and the resulting mixture was heated under reflux for 6 hours. The reaction mixture 
was cooled to room temperature, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from n-hexane - ethyl acetate (5:1, v/v) eluate fractions, methyl 
4-(1-(tert-butoxycart)onyl)-(4R)-(tert-butyldimethylsilyloxy)-(3S)-pyrrolidinyloxy)benzoate and a small amount of me- 
thyl 4-hydroxybenzoate were obtained as a yellow oil. 

1 H-NMR (CDCI 3 ) 8: -0.05 (s, 3H), 0.03 (s, 3H), 0.81 (s, 9H), 1.47 (s, 9H), 3.38 (m, 1H), 3.48-3.64 (m, 2H), 3.72 (m, 
1H), 3.89 (s, 3H), 4.43 (m, 1H), 4.72 (m, 1H), 6.92 (d, J=8.8Hz, 2H), 7.97 (d, J=8.8Hz, 2H). 
MS (ESI) m/z 437 (M + +1-CH 3 ). 

(Step 6) Synthesis of methyl 4-(1 -(tert-butoxycarbonyl)-(4R)-hydroxy-(3S)-pyrrolidinyloxy)benzoate 



[1448] To the above-described methyl 4-(1-(tert-butoxycarbonyl)-(4R)-(tert-butyldimethylsilyloxy)-(3S)-pyrrolidiny- 
loxy)benzoate and small amount of methyl 4-hydroxybenzoate (total 4.75 g) was added acetic acid - water - THF (3: 
1 :1 , v/v, 50 ml). The resulting mixture was stirred at room temperature for 23 hours. The reaction mixture was neutralized 
with a saturated aqueous solution of sodium bicarbonate, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane - ethyl acetate 
(1 :1 , v/v) eluate fractions, methyl 4-(1 -(tert-butoxycarbonyl)-(4R)-hydroxy-(3S)-pyrrolidinyloxy)benzoate (3.86 g, 71% 
for 2 steps) was obtained as a colorless oil. 

1 H-NMR (CDCI3) 6: 1 .45 (broad s, 9H), 2.45 (m, 1 H), 3.39-3.58 (m, 2H), 3.68-3.82 (m, 2H), 3.90 (s, 3H), 4.49 (m, 1 H), 
4.80 (m, 1 H), 6.96 (d, J=8.1 Hz, 2H), 8.00-8.03 (m, 2H) . 
MS (ESI) m/z 323 (M + +1-CH 3 ). 

(Step 7) Synthesis of methyl 4-(1-(tert-butoxycarbonyl)-(4R)-methoxy-(3S)-pyrrolidinyloxy)benzoate 



[1450] In THF (10 ml), sodium hydride (60% in oil, 72.0 mg, 1 .79 mmol) was added in portions to methyl 4-(1-(tert- 
butoxycarbonyl)-(4R)-hydroxy-(3S)-pyrrolidinyloxy)benzoate (505 mg, 1.50 mmol) and methyl iodide (0.30 ml, 1.79 
mmol) under stirring at 0°C. The resulting mixture was stirred further at the same temperature for 2 hours. To the 
reaction mixture was added a saturated aqueous solution of ammonium chloride, followed by extraction with ethyl 
acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced 



[1445] 
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pressure to remove the solvent. The residue was purified by chromatography on a silica ge! column, whereby from n- 
hexane - ethyl acetate (3:1 , v/v) eluate fractions, methyl 4-(1-(tert-butoxycarbonyl)-(4R)-methoxy-(3S)-pyrrolidinyloxy) 
benzoate (657 mg, 100 %) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 5: 1.45 (broad s, 9H), 3.41 (s, 3H), 3.44-3.72 (m, 4H), 3.89 (s, 3H), 4.04 (m, 1H), 4.87 (m, 1H), 6.96 
5 (d, J=8.0Hz, 2H), 7.98-8.00 (m, 2H). 



(Step 8) Synthesis of methyl 4-((4R)-methoxy-(3S)-pyrrolidinyloxy)benzoate 
[1451] 

10 



15 



HN 



[1452] Methyl 4-(1-(tert-butoxycarbonyl)-(4R)-methoxy-(3S)-pyrrolidinyloxy)benzoate (601 mg, 1 .71 mmol) was dis- 
solved in methylene chloride (10 ml). To the resulting solution was added trifluoroacetic acid (5 ml) under stirring at 
0°C. The reaction mixture was stirred further for 2.5 hours at room temperature.* From the reaction mixture, the solvent 
20 was distilled off under reduced pressure. The residue was neutralized with a saturated aqueous solution of sodium 
bicarbonate, followed by extraction with chloroform. The extract was dried over anhydrous sodium sulfate and distilled 
under reduced pressure to remove the solvent, whereby methyl 4-((4R)-methoxy-(3S)-pyrrolidinyloxy)benzoate (339 
mg, 79 %) was obtained as a yellow oil. 

1 H-NMR (CDCI3) 5: 3.11-3.20 (m, 3H), 3.28 (dd, J=1 2.5,5.6Hz, 1H), 3.38 (s, 3H), 3.89 (s, 3H), 3.99 (m, 1H), 4.79 (m, 
25 1 H), 6.96 (d, J=8.5Hz, 2H), 7.98 (d, J=8.5Hz, 2H). 

(Step 9) Synthesis of methyl 4-((4R)-methoxy-1 -((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(3S)- 
pyrrolidinyloxy)benzoate 



30 [1453] 



OMe 



35 




40 [1454] In DMF (5.0 ml), EDC HCI (192 mg, 1.00 mmol) was added to (2-(2-methylphenylamino)-6-benzoxazolyl) 
acetic acid (189 mg, 0.67 mmol), methyl 4-((4R)-methoxy-(3S)-pyrrolidinyloxy)benzoate (168 mg, 0.67 mmol), HOBt 
(1 8.0 mg, 0.1 3 mmol), and triethylamine (0.1 4 ml, 1 .00 mmol) and the resulting mixture was stirred at room temperature 
for 24 hours. Water was added to the reaction mixture, followed by extraction with ethyl acetate. The extract was dried 
over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 

45 by chromatography on a silica gel column, whereby from ethyl acetate eluate fractions, methyl 4-((4R)-methoxy- 
1-((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(3S)-pyrrolidinyloxy)benzoate (345 mg, 100 %) was obtained as 
a yellow oil. 

1 H-NMR (CDCI3) 6: 2.34 (s, 3H), 3.36 (s, 3H), 3.54-3.81 (m, 6H), 3.84 and 3.87 (each s, total 3H), 4.05 (m, 1H), 4.88 
(m, 1H), 6.88-6.93 (m, 2H), 7.02-7.08 (m, 4H), 7.20-7.37 (m, 4H), 7.90-7.99 (m, 4H). 
so MS(ESI)m/z516(M++1). 



55 
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(Step 10) Synthesis of 4-((4R)-methoxy-1-((2-(2-methylpheny!amino)-6-benzoxazolyl)acetyl)-(3S)-pyrrolid 
benzoic acid 

[1455] 



OMe 




[1 456] Methyl 4-((4R)-methoxy-1 -((2-(2-methylphenylamino)-6-benzoxazolyl)acetyl)-(3S)-pyrrolidinyloxy)benzoate 
(345 mg, 0.67 mmol) was dissolved in THF (7.0 ml). To the resulting solution was added 0.25N NaOH (4.01 ml, 1.00 
mmol). The resulting mixture was stirred at room temperature for 7 hours. The reaction mixture was poured in 1 N HCl 
(3.0 ml). The crystals thus precipitated were collected by filtration under reduced pressure, washed with water, and 
dried under reduced pressure to give the title compound (218 mg, 65 %) as a colorless solid. 
IR (ATR) v 2935, 1683, 1639, 1602, 1575, 1508, 1440 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 2.30 (s, 3H), 3.52 and 3.28 (each s, total 3H), 3.41-3.65 (m, 2H), 3.68 and 3.71 (each s, total 
2H), 3.79-3.99 (m, 2H), 4.1 2 and 4. 1 9 (each m, total 1 H), , 5.1 1 and 5.1 7 (each m, total 1 H), 7.03-7.1 1 (m, 4H), 7.22-7.28 
(m, 3H), 7. 31 (d ( J=8.8Hz, 1H), 7.79 (d, J=7.9Hz, 1H), 7.88 (d, J=8.8Hz, 2H), 9.85 (broad s, 1H). 
MS (FAB) m/z 502 (M++1); 

Anal. Calcd for C^H^^Og 1 .5H 2 0: C, 63.63; H, 5.72; N, 7.95. 
Found: C, 63.69; H, 5.55; N, 8.01. 

Example 156 

trans-4-(1-((2-(5-Fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(2S)-methoxymethyl-(4R)- 
pyrrolidinyloxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of 1-tert-butoxycaroonyl-(2S)-tert-butyldipheny 

[1457] 




[1458] In THF (300 ml), DIAD (4.53 ml, 23.0 mmol) was added to 1 -tert-butoxycarbonyl-(2S)-tert-butyldiphenylsily- 
loxymethyl-(4R)-hydroxypyrrolidine (10.51 g, 23.0 mmol), 4-nitrobenzoic acid (3.85 g, 23.0 mmol) and triphenylphos- 
phine (6.03 g, 23.0 mmol) and the resulting mixture was stirred at room temperature for 2 hours. From the reaction 
mixture, the solvent was distilled off under reduced pressure. The residue was purified by chromatography on a silica 
gel column, whereby from n-hexane/ethyl acetate (5/1 ) eluate fractions, 1 -tert-butoxycarbonyl-(2S)-tert-butyldiphenyls- 
ilyloxymethyl-(4S)-(4-nitrobenzoyloxy)pyrrolidine (15.39 g, 100%) was obtained as a colorless amorphous substance. 
1 H-NMR (CDCI 3 ) 8: 1.02 (s, 9H), 1.36 and 1.45 (each s, total 9H, amide isomers), 2.39-2.64 (m, 2H), 3.44-3.78 (m, 
2H), 3.87 (dd, J=1 3.0,5.4Hz, 1 H), 3.98-4.24 (m, 2H), 5.56 (br, 1 H) t 7.26 (m, 2H), 7.28-7.41 (m, 4H), 7.51 -7.65 (m, 4H), 
8.01 (d, J=8.1Hz, 2H), 8.16 (d, J=7.8Hz, 2H). 
MS (ESI) m/z 606 (M + +1). 
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(Step 2) Synthesis of 1-tert-butoxycarbonyl-(4S)-hydro^ 
[1459] 



5 




10 

[1460] In THF (500 ml) was dissolved 1 -tert-butoxycart3onyl-(2S)-tert-butyldiphenylsilyloxymethyl-(4S)-(4-nitroben- 
zoyloxy)pyrrolidine (1 5.4 g, 24.5 mmol). To the resulting solution was added a 1 .OM tetrabutylammonium fluoride - THF 
solution (25.4 ml, 25.4 mmol) under stirring at 0°C. The temperature of the reaction mixture was gradually raised back 

15 to room temperature, at which stirring was conducted for 14 hours. Water was added to the reaction mixture, followed 
by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from n-hexane/ethyl acetate (2/1) and chloroform/acetone eluate fractions, 1-tert-butoxycarbo- 
nyl-(4S)-hydroxy-(2S)-(4-nitrobenzoyloxymethyl)pyrrolidine (2.53 g, 27.2%) was obtained as a colorless oil. 

20 1H-NMR (CDCI 3 ) 8: 1 .45 (s, 9H), 1 .90-2.16 (m, 2H), 2.24 (m, 1H), 3,42 (d, J=1 2.2Hz, 1H), 3.68-3.80 (m, 1H), 4.22 and 
4.36 (each br, total 1H, amide isomers), 4.51-4.72 (m, 3H), 8.23-8.29 (m, 4H). 
MS (ESI)m/z367 (M + +1). 

(Step 3) Synthesis of ethyl 4-(1 -tert-butoxycarbonyl-(2S)-(4-nitrobenzoyloxymethyl)-(4R)-pyrrolidinyloxy)benzoate 

25 

[1461] 



30 




35 [1 462] In TH F (1 00 ml), DIAD (1 .36 ml, 6.91 mmol) was added to 1 -tert-butoxycarbonyl-(4S)-hydroxy-(25)-(4-nitroben- 
zoyloxymethyl)pyrrolidine (2.53 g, 6.91 mmol), ethyl 4-hydroxybenzoate (1.15 g, 6.91 mmol) and triphenylphosphine 
(1 .81 g, 6.91 mmol) and the resulting mixture was stirred at room temperature for 14 hours. The reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel 
column, and chloroform/ethyl acetate (5/1) eluate fractions were collected, followed by flash chromatography on a 

40 silica gel column (<J> 4 x 40 cm, chloroform/ethyl acetate (5/1)) to give ethyl 4-(1-tert-butoxycarbonyl-(2S)-(4-nitroben- 
zoyloxymethyl)-(4R)-pyrrolidinyloxy)benzoate (2.55 g, 72%) as a colorless oil. 

1 H-NMR (CDCI3) 6: 1 .38 (dt, J=7.1 ,2.0Hz, 3H), 1 .56 (s, 9H), 2.12-2.32 (m, 2H), 2.44 (m, 1H), 3.60 (dd, J=12.2,4.4Hz, 
1H), 3.83 and 3.99 (each br, total 1H, amide isomers), 4.35 (dq, J=7.1 ,2.0Hz, 2H), 4.41-4.62 (m, 2H), 4.96 (s, 1H), 
6.86 (d, J=6.8Hz, 2H), 7.99 (d, J=7.3Hz, 2H), 8.19 (d, J=7.3Hz, 2H), 8.27 (d, J=8.3Hz, 1H), 8.28 (d, J=7.3Hz, 1H). 
45 MS(ESI)m/z515(M++1). 

(Step 4) Synthesis of ethyl 4-(1-tert-butoxycarbonyl-(2S)-hydroxymethyl-(4R)-pyrrolidinyloxy)benzoate 

[1463] 

50 




[1464] In ethanol (100 ml), potassium carbonate (685 mg, 4.96 mmol) was added to ethyl 4-(1-tert-butoxycarbo- 
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nyl-(2S)-(4-nitrobenzoyloxymethyl)-(4R)-pyrro!idinyloxy)benzoate (2.55 g, 4.96 mmol) and the resulting mixture was 
stirred at room temperature for 24 hours. From the reaction mixture, the solvent was distilled off under reduced pressure. 
The residue was purified by chromatography on a silica gel column, whereby from chloroform/ethyl acetate (5/1 ) eluate 
fractions, ethyl 4-(1-tert-butoxycarbonyl-(2S)-hydroxymethyl-(4R)-pyrrolidinyloxy)benzoate (1.36 g, 75%) was ob- 
tained as a colorless oil. 

1 H-NMR (CDCI 3 ) 6: 1.38 (t, J=7.1Hz, 3H), 1.46 (s, 9H) , 1.89 (br, 1H), 2.34 (m, 1H), 3.58-3.97 (m, 4H), 4.05-4.26 (m, 
1H), 4.35 (q, J=7.1Hz/2H), 4.69 and 4.88 (each br, total 1H, amide isomers), 6.87 (d, J=8.8Hz, 2H), 8.00 (d, J=8.5Hz, 
2H). 

MS (ESI)m/z366 (M++1), 

(Step 5) Synthesis of ethyl 4-((2S)«hydroxymethyl-(4R)-pyiTo1idinyloxy)benzoate hydrochloride 
[1465] 




[1466] Ethyl 4-(1-tert-butoxycarbonyl-(2S) -hydroxy methyl -(4 R)-pyrro I idinyloxy)benzoate (1.36 g, 3.72 mmol) was 
dissolved in dioxane (50 ml). To the resulting solution was added a 4N HCI/dioxane solution (30 ml) and the mixture 
was stirred at room temperature for 3.5 hours. The reaction mixture was distilled under reduced pressure to remove 
the solvent, whereby ethyl 4-((2S)-hydroxymethyl-(4R)-pyrrolidinyloxy)benzoate hydrochloride (1 .21 g, 1 00%) was ob- 
tained as a brown oil. The resulting compound was provided for the subsequent reaction without further purification. 

(Step 6) Synthesis of ethyl 4-((2S)-hydroxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxylate hydrochloride 

[1467] 




[1468] In ethanol (30 ml), ethyl 4-((2S)-hydroxymethyl-(4R)-pyrrolidinyloxy)benzoate hydrochloride (1.21 g, 3.72 
mmol) and rhodium/alumina (1.2 g) were subjected to catalytic hydrogenation at room temperature for 3 days under 
4 kg/cm 2 of a hydrogen gas. From the reaction mixture, the catalyst was filtered off and the filtrate was distilled under 
reduced pressure to remove the solvent, whereby ethyl 4-((2S)-hydroxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecar- 
boxylate hydrochloride as a brown oil. The resulting compound was provided for the subsequent reaction without further 
purification. 

(Step 7) Synthesis of ethyl 4-(1-tert-butoxycarbonyl-(2S)-hydroxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxylate 
[1469] 




[1470] In dioxane (30 ml), di-tert-butyl dicarbonate (812 mg, 3.72 mmol) was added to ethyl 4-((2S)-hydroxyme- 
thyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxylate hydrochloride (3.72 mmol) and a saturated aqueous solution of so- 
dium bicarbonate (1 0 ml) and the resulting mixture was stirred at room temperature for 2 days. Ethyl acetate was added 
to the reaction mixture. The resulting mixture was washed saturated brine, dried over anhydrous sodium sulfate, and 
distilled under reduced pressure to remove the solvent to give ethyl 4-(1 -tert-butoxycarbonyl-(2S)-hydroxymethyl-(4R)- 
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pyrrol idinyloxy)cyclohexanecarboxy late (1 .28 g, 93% (3 steps)) as a brown oil. The resulting compound was provided 
for the subsequent reaction without further purification. 

(Step 8) Synthesis of methyl trans-4-(1-tert-butoxycarbonyl-(2S)-benzyloxymethoxymethyl-(4R)-pyrrolidinyloxy) 
5 cyclohexanecarboxylate 



[1471] 



w 

MeOX 



_OBOM 

boc 



15 [1472] Ethyl 4-(1-tert-butoxycarbonyl-(2S)-hydroxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxylate (1 .28 g, 
3.45 mmol) was dissolved in methylene chloride (30 ml). To the resulting solution were added N,N-diisopropylethyl- 
amine (1 .20 ml, 6.90 mmol) and benzyloxycarbonyl chloride (BOMCl) (0.72 ml, 5.1 8 mmol). The resulting mixture was 
stirred at room temperature for 14 hours in a nitrogen gas stream. The reaction mixture was poured in water, followed 
by extraction with methylene chloride. The extract was washed with 1 N HCI and a saturated aqueous solution of sodium 
20 bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (2/1) eluate 
fractions, ethyl 4-(1-tert-butoxycarbonyl-(2S)-benzyloxymethyloxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxy- 
late (1 .02 g, 60%) was obtained as a colorless oil. The resulting compound was isomerized in the subsequent step. 
[1473] In ethanol, sodium ethoxide (1.41 g, 20,7 mmol) was added to ethyl 4-(1 -tert-butoxyca rbony I -(2S) -benzy- 
ls loxymethyloxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxylate (1.02 g, 2.07 mmol). The resulting mixture was 
heated under reflux for 13 hours. After the reaction mixture was cooled to room temperature, the solvent was distilled 
off under reduced pressure. The residue was acidified with 1N HCI, followed by extraction with ethyl acetate. The 
extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was dissolved in methanol/toluene (1:10, 22 ml). To the resulting solution was 
30 added a 2.0M hexane solution (1 .04 ml, 2.07 mmol) of trimethylsilyldiazomethane. The resulting mixture was stirred 
at room temperature for 5 hours. The reaction mixture was distilled under reduced pressure to remove the solvent. 
The residue was purified by flash chromatography on a silica gel column 3 x 30 cm, eluted in: n-hexane/ethyl acetate 
(10/1)) and by chromatography using a silica gel thin-layer plate (TLC) (developed in n-hexane/ethyl acetate (10/1)) 
to give methyl trans-4-(1 -tert-butoxycarbonyl-(2S)-benzyloxymethyloxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecar- 
35 boxylate (326 mg, 33% (2 steps) as a colorless oil. 

1 H-NMR (CDCI 3 ) 8: 1.20-1.30 (m, 3H), 1.39-1.51 (m, 11 H), 1.92-2.22 (m, 6H), 2.25 (tt, J=11 .8,2.9Hz, 1H), 3.24 (tt, 
J=10.3,3.7Hz, 1H), 3.30-3.64 (m, 2H), 3.66 (s, 3H), 3.75 (br, 1H), 4.02 and 4.09 (each br, total 1H, amide isomers), 
4.21 (br, 1H), 4.58 (s, 2H), 4.73 (d, J=4.6Hz, 2H), 7.29 (m, 1H), 7.33 (s, 2H), 7.34 (s, 2H). 
MS(ESI)m/z478 (M + +1). 

40 

(Step 9) Synthesis of methyl trans-4-(1-tert-butoxycarbonyl-(2S)-hydroxymethyl-(4R)-pyrrolidinyloxy) 
cyclohexanecarboxylate 



45 



[1474] 



50 



MeO 



boc 



[1475] In methanol (10 ml), methyl trans-4-(1 -tert-butoxycarbonyl-(2S)-benzyloxymethyloxymethyl-(4R)-pyrrolidiny- 
loxy)cyclohexanecarboxylate (326 mg, 0.683 mmol) and 5% palladium/carbon (wet.) (326 mg) were subjected to cat- 
alytic hydrogenation at room temperature for 14 hours. From the reaction mixture, the catalyst was filtered off and the 
55 filtrate was distilled under reduced pressure to remove the solvent to give methyl trans-4-(1 -tert-butoxycarbonyl-(2S)- 
hydroxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxylate (247 mg, 100%) as a colorless oil. The resulting com- 
pound was provided for the subsequent reaction without further purification. 

1 H-NMR (CDCI 3 ) 5: 1 .21 -1 .33 (m, 3H) t 1 .39 (m, 1 H), 1 .47 (s, 9H), 1 .61 -1 .71 (m, 1 H), 1 .95-2.1 0 (m, 5H), 2.26 (m, 1 H), 
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10 



15 



3.24 (m, 1H), 3.33-3.51 (m, 2H), 3.53 and 3.56 (each d, J=6.8 and 7.1Hz respectively, total 1H, amide Isomers), 3.66 
(s, 3H), 3.68 (m, 1H), 4.09 (br, 2H). 
MS (ESI) m/z 358 (M + +1). 

(Step 10) Synthesis of methyl trans-4-(1-tert-butoxycarbonyl-(2S)-methoxymethyl-(4R)-pyrrolidinyloxy) 
cyclohexanecarboxylate 

[1476 J 



boc 



[1477] Methyl trans-4-(1-tert-butoxycartDonyl-(2S)-hydro 

(247 mg, 0.683 mmol) was dissolved in DMF (5 ml). To the resulting solution was added sodium hydride (60% in oil, 
55 mg, 1 .37 mmol) in portions under stirring at 0°C in a nitrogen gas stream. After the reaction mixture was stirred at 

20 the same temperature for 30 minutes, methyl iodide (85 uJ, 1.37 mmol) was added thereto. Stirring was conducted 
further at the same temperature for 4 hours. Sodium hydride (60% in oil, 55 mg, 1 .37 mmol) and methyl Iodide (85 
1 .37 mmol) were added and the mixture was stirred at room temperature for 1 4 hours. The reaction mixture was poured 
in water, followed by extraction with chloroform. The extract was washed with a saturated aqueous solution of sodium 
bicarbonate and saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 

25 the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ ethyl acetate 
(2/1 ) eluate fractions, trans-4-(1 -tert-butoxycarbonyl-(2S)-methoxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxy- 
late (260 mg, 1 00%) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) S: 1.20-1.32 (m, 3H), 1.39-1.52 (m, 10H), 1.91-2.13 (m, 6H), 2.21-2.29 (m, 1H), 3.25 (m, 1H), 3.34 
(s, 3H), 3.37-3.53 (m, 4H), 3.66 (s, 3H), 3.79 and 4.05 (each br, total 1H, amide isomers), 4.14 and 4.21 (each br, total 
30 1 H, amide isomers). 

MS (ESI) m/z 372 (M + +1). 

(Step 11) Synthesis of methyl trans-4-((2S)-methoxymethyI-(4R)-pyrro!idinyloxy)cyciohexanecarboxylate 
35 [1478] 



H 

[1479] Methyl trans-4- (1 -tert-butoxycarbonyl-(2S)-methoxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxylate 
45 (260 mg, 0.70 mmol) was dissolved in methylene chloride (10 ml). To the resulting solution was added trifluoroacetic 
acid (2 ml) and the mixture was stirred at room temperature for 14 hours. From the reaction mixture, the solvent was 
distilled off under reduced pressure. The residue was basified with 1N NaOH, followed by extraction with methylene 
chloride. The extract was washed with saturated brine, dried over an hydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent, whereby methyl trans-4-((2S)-methoxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecar- 
50 boxylate (150 mg, 81%) was obtained as a yellow oil. 

1 H-NMR (CDCI3) 8: 1 .21 -2.39 (m, 1 1 H), 2.87 (dd, J=11 .5,3.2Hz, 1 H), 3.05 (dd, J=1 1 .5, 4.9Hz, 1 H), 3.20-3.34 (m, 2H), 
3.35 (s, 3H), 3.48 (m, 2H), 3.66 (s, 3H), 4.07 and 4.14 (each br, total 1H, amide isomers). 
MS (ESI) m/z 272 (M + +1). 

55 
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(Step 12) Synthesis of methyl trans-4-(1-((2-(5-fluoro-2-methy!phenylamino)-7-fluoro-6-ben20xa2olyl)acetyl)-(2S)- 
methoxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxylate 



[1481] In DMF (2 ml), (2-(5-tluoro-2-methylphenylamlno)'7-fluoro-6-benzoxazolyl)acetic acid (59 mg, 0.184 mmol), 
methyl trans-4-((2S)-methoxymethyl-(4R)-pyrrolidinyloxy) cyclohexanecarboxylate (50 mg, 0.1 84 mmol), EDC HCI (53 
mg, 0.276 mmol), HOBT (37 mg, 0.276 mmol) and triethylamine (1 28 u,l, 0.920 mmol) were stirred at room temperature 
for 3 days. Water was added to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed 
with saturated brine, and heated under reflux over anhydrous sodium sulfate. After cooling, the reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was purified by column chromatography using a 
silica gel thin-layer plate (chloroform/acetone (7/1) eluent) to give methyl trans-4-(1-((2-(5-fluoro-2-methylphenylami- 
no)-7-fluoro-6-benzoxazolyl)acetyl)-(2S)-m^ (99 mg, 94%) 

as a yellow oil. 

1 H-MMR (CDCI 3 ) 8: 1.17-1 .58 (m, 4H), 1,91-2.29 (m, 6H), 2.30 (s, 3H), 3.24 (m, 1H), 3.31 and 3.36 (each s, total 3H, 
amide isomers), 3.38-3.53 (m, 3H), 3.65 and 3.66 (s, 3H), 3.67-3.70 (m, 1 H), 3.72 (s, 2H), 3.81 -3.92 (m, 1 H), 4.35-4.39 
(m, 2H), 6.74 (dt, J=8.1, 2.2Hz, 1H), 7.09-7.16 (m, 2H), 7.22 (d, J=8.1Hz t 1H), 8.06 (dd, J=11.0, 2.4Hz, 1H). 
MS (ESI)m/z572 (M + +1). 

(Step 13) Synthesis of trans-4-(1 -((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(2S)- 
methoxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxylic acid 



[1 483] Methyl trans-4-(1 -((2-(5-fIuoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(2S)-methoxyme- 
thyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxylate (99 mg, 0.173 mmol) was dissolved in THF/methanol (4/2 ml). To the 
resulting solution was added 1 N NaOH (2 ml). After stirring at room temperature for 13 hours, the reaction mixture was 
distilled under reduced pressure to remove the solvent. To the residue was added 1 N HCI. The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried under reduced pressure. The crude 
crystals were purified by column chromatography using a silica gel thin- layer plate (TLC) (chloroform/methanol (20/1) 
developing solution) to give the title compound (61 mg, 63%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 5: 1.12-1.41 (m, 5H), 1.86-2.20 (m, 6H), 2.30 (s, 3H), 3.23 (s, 3H), 3.38-3.98 (m, 7H), 4.09 and 
4.31 (each m, total 2H, amide isomers), 6.89(dt, J=8.3, 2.9Hz, 1 H), 7.09 (d, J=7.8Hz, 1H), 7.19 and 7.20 (each d, each 
J=8.1Hz, total 1H, amide isomers), 7.26 (t, J=7.8Hz, 1H), 7.89-7.93 (m, 1H), 10.05 (br, 1H), 12.06 (br, 1H). 
MS (ESI) m/z 558 (M + +1). 



[1480] 




OMe 



[1482] 
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Example 157 



trans-4-(1-((5-Chloro-2-fluoro-4-(1-methyl-3-indolylc^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-((5K:hloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(2S)- 
methoxymethyl-(4R)-pyrrolidinylmethoxy)cycl6hexanecarboxylate 



[1485] In DMF (2 ml), (5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetic acid (66 mg, 0.184 
mmol), methyl trans4"((2S)-methoxymethyl-(4R)-pyrrolidinylmethoxy) cyclohexanecarboxylate (50 mg, 0.184 mmol), 
EDC HCI (53 mg, 0.276 mmol), HOBt (37 mg, 0.276 mmol) and triethylamine (1 28 uJ, 0.920 mmol) were stirred at room 
temperature for 3 days. The reaction mixture was poured in ice water, followed by extraction. The extract was washed 
with ice water and saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography using a silica gel thin-layer plate (TLC) (developed with 
chloroform/ acetone (7/1)) to give methyl trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl) 
acetyl)-(2S)-methoxymethyl-(4R)-pyrrolidinylmethoxy)cyclohexanecarboxylate (99 mg, 88%) as a yellow oil. 
1 H-NMR (CDCI 3 ) 5: 1.22-1.56 (m, 4H), 1.92-2.38 (m, 6H), 3.21-3.32 (m, 1H) f 3.33 and 3.35 (each s, total 3H, amide 
isomers), 3.37-3.49 (m, 2H), 3.61 (d, J=5.4Hz, 1H), 3.64 and 3.66 (each s, total 3H, amide isomers), 3.67-3.72 (m, 
2H), 3.84 (m, 1H), 3.88 (s, 3H), 4.23-4.39 (m, 2H), 7.33-7.45 (m, 4H), 7.81 (s, 1H), 8.14 (m, 1H), 8.29 (s, 1H), 8.49 
and 8.50 (each d, each J=12.0Hz, total 1H, amide isomers). 
MS (ESI) m/z614 (M + +1) , 616 (M + +3). 

(Step 2) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-(1 -methyl-3-indolylcarbonylamino)phenyl)acetyl)-(2S)- 
methoxymethyl-(4R)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1487] Methyl trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indolylcarbonylamino)phenyl)acetyl)-(2S)-methoxyme- 
thyl-(4R)-pyrrolidinylmethoxy)cyclohexanecarboxylate (99 mg, 0.161 mmol) was dissolved in THF/methanol (2:1, 6 
ml). To the resulting solution was added 1N NaOH (2 ml). After stirring at room temperature for 13 hours, the reaction 
mixture was distilled under reduced pressure to remove the solvent. The residue was acidified with 1 N HCI. The crystals 
thus precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced 
pressure. The crude crystals were purified by chromatography using a silica gel thin-layer plate (TLC) (developed in 
chloroform/methanol (20/1)) to give the title compound (35 mg, 36%) as a colorless solid. 
IR(ATR)v3417, 2935, 1724, 1641, 1620, 1518, 1404 cnr"; 

1 H-NMR (DMSO) 8: 1.11-1.41 (m, 4H), 1.87-2.19 (m, 7H), 3.24 (s, 3H), 3.31 (s, 1H), 3.35-3.56 (m, 3H), 3.67 (s, 2H), 
3.68-3,86 (m, 1H), 3.89 (s, 3H), 4.09 and 4.33 (each m, total 2H, amide isomers), 7.21 (t, J=6.9Hz, 1H), 7.27 (dt, 
J=8.1 ,1 .0Hz, 1 H), 7.45 (t, J=7.3Hz, 1 H), 7.55 (d, J=8.3Hz, 1 H), 7.69 and 7.70 (each d, J=1 1 .0 and 11 .3Hz respectively, 
total 1H, amide isomers), 8.14 (d, J=7.6Hz, 1H), 8.31 (s, 1H), 9.31 (s, 1H), 12.05 (br, 1H). 
MS (ESI) m/z 600 (M + +1), 602 (M++3); 



[1484] 
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Anal. Calcd for C 31 H35CIFN30 6 0.6H 2 O: C, 60.95; H t 5.97; CI, 5.80;F, 3.11; N, 6.88. 
Found: C, 60.79; H, 5.99; C1/5.83; F, 3.02; N, 6.83. 

Example 158 

5 

trans-4-(1-((5-Chloro-2-fluoro-4- (1-methyl-3-indazolylcarbonylamino)phenyl)acetyl)-(2S)HTiethoxymethyl-(4R)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indazolylcarbonylamjno)phenyl)acetyl)-(2S)- 
10 methoxymethyl-(4R)-pyrrolidlnylmethoxy)cyclohexanecarboxylate 

[1488] 



15 



20 




[1489] In DMF (2 ml), (5-chloro-2-fluoro-4-(1-methyl-3-indazolylcarbonylamino)phenyl)acetic acid (137 mg, 0.380 
mmol), methyltrans-4-((2S)-methoxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecamoxylate (103 mg, 0.380 mmol), EDC 
HCI (109 mg, 0.570 mmol), HOBt (77 mg, 0.570 mmol) and trlethylamine (0.26 ml, 1.9 mmol) were stirred at room 

25 temperature for 21 hours. The reaction mixture was poured in ice water, followed by extraction with ethyl acetate. The 
extract was washed with ice water and saturated brine, dried over anhydrous sodium sulfate and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography using a silica gel thin-layer plate (TLC) 
(chloroform/acetone (7/1 ) developing solution) to give methyl trans-4-(1 -((5-chloro-2-f luoro-4-(1 -methyl-3-inda2olylcar- 
bonylamino)phenyl)acetyl)-(2S)-methoxymethyl-(4R)-pyrrolidinylmethoxy)cyclohexanecarboxylate (198 mg, 85%) as 

30 a colorless oil. 

1 H-NMR (CDCI 3 ) 8: 1.15-1.51 (m, 4H), 1.78 and 1.80 (each s, total 2H, amide isomers), 1.91-2.29 (m, 6H), 3.25 (m, 
1 H), 3.32 and 3.36 (each s, total 3H, amide isomers), 3.38-3.50 (m, 2H), 3.62 and 3.66 (each s, total 3H, amide isomers), 
3.69 (m, 1 H), 3.87 (s, 1 H), 3.90 (s, 3H), 4.25-4.39 (m, 2H), 7.22 (t, J=7.3Hz, 1 H), 7.35-7.46 (m, 4H), 8.01 (s, 1 H), 8.43 
and 8.44 (each d, each J=3.2Hz, total 1 H, amide isomers). 
35 MS (ESI) m/z 615 (M++1), 617 (M + +3). 

(Step 2) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-(1-methyt-3-indazofylcarbonylamino)phenyl)acetyl)-(2S)- 
methoxymethyl-(4R)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

40 [1490] 



45 




50 [1491] Methyl trans-4-(1 -((5-chloro-2-fluoro-4- (1-methyl-3-indazolylcarbonylamino)phenyl)acetyl)-(2S)-meth- 
oxymethyl-(4R)-pyrrolidinylmethoxy)cyclohexanecarboxylate (198 mg, 0.322 mmol) was dissolved in THF/methanol 
(2:1, 12 ml). To the resulting solution was added 1N NaOH (4 ml). After stirring at room temperature for 13 hours, the 
reaction mixture was distilled under reduced pressure to remove the solvent. The residue was acidified with 1N HCI. 
The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 

55 reduced pressure to give the title compound (145 mg, 75%) as a colorless amorphous substance. 
IR (ATR) v 3361, 2939, 2864, 1724, 1685, 1620, 1529, 1408 cm' 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 1 .13-1 .43 (m, 4H), 1 .84-2.21 (m, 7H) , 3.25 (s, 3H), 3.34-3.57 (m, 4H), 3.68 (d, J=4.4Hz, 2H), 
3.74 (q, J=18.6Hz, 1H), 4.09 and 4.35 (each m, total 2H, amide isomers), 4.22 (s, 3H), 7,38 (t, J=6.8Hz, 1H), 7.51 (t, 
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J=7.8Hz, 1H), 7.54 (t, J=7.8Hz, 1H), 7.83 (d, J=8.5Hz, 1H), 8.07 (del, J=11 .2,1. 2Hz, 1H), 8.21 (dd, J=8.1 ,1.2Hz, 1H), 

9.72 (s, 1H), 12.07 (br, 1H). 

MS (ESI) m/z 601 (M++1), 603 (M++3); 

Anal. Calcd for CaoH^CIFr^Og 0.5H 2 O 0.1 HCI: C, 58.71; H, 5.76; CI, 6.35; F, 3.10; N, 9.13. 
Found: C, 58.83; H, 5.66; CI, 6.60; F, 3.06; N, 9.14. 



4-(1-((2-(5-Fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(2S)-methoxym 
benzoic acid: 

(Step 1) Synthesis of methyl 4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(2S)- 
methoxymethyl-(4R)-pyrrolidinyloxy)benzoate 



[1493] In DMF (2 ml), (2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid (127 mg, 0.400 mmol), 
methyl 4-((2S)-methoxymethyl-(4R)-pyrrolidinyloxy)benzoate (106 mg, 0.400 mmol), EDC HCI (115 mg, 0.600 mmol), 
HOBt (81 mg, 0.600 mmol) and triethylamine (0.28 ml, 2.00 mmol) were stirred at room temperature for 21 hours. The 
reaction mixture was poured in ice water, followed by extraction with ethyl acetate. The extract was washed with sat- 
urated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography using a silica gel thin-layer plate (TLC) (chloroform/acetone (5/1) developing 
solution) to give methyl 4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(2S)-methoxyme- 
thyl-(4R)-pyrrolidinyloxy)benzoate (118 mg, 52%) as a colorless amorphous substance. 

1 H-NMR (CDCI 3 ) 5: 2.23-2.43 (m, 5H; including 2.32 ppm., s, 3H), 3.35 and 3.39 (each s, total 3H, amide isomers), 
3.46-3.92 (m, 8H; including 3.79 ppm., s, 3H), 4.40 and 4.47 (each m, total 1 H, amide isomers), 5.02 (m, 1 H), 6.72-6.85 
(m, 3H), 7.05 (br, 1 H), 7.13 (d, J=8.3Hz, 1 H), 7.15 (d, J=7.3Hz, 1 H), 7.20 (d, J=8.0Hz, 1 H), 7.92 (d, J=9.0Hz, 2H), 8.1 2 
(dd, J=1 1.0,2.7Hz, 1H). 
MS (ESI) m/z 566 (M++1). 

(Step 2) Synthesis of 4-(1 -((2-(5-f luoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(2S)- 
methoxymethyl-(4R)-pyrro!idinyloxy)benzoic acid 



[1495] Methyl 4-(1 -((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl) - (25) -methoxymethy!-(4R)- 
pyrrolidinyloxy)benzoate (118 mg, 0.209 mmol) was dissolved in THF/methanol (2:1, 12 ml). To the resulting solution 
was added 1N NaOH (4 ml). After stirring at room temperature for 18 hours, the reaction mixture was distilled under 
reduced pressure to remove the solvent. The residue was acidified with 1N HCI. The crystals thus precipitated were 
collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give the title 
compound (92 mg, 80%) as a colorless solid. 
IR (ATR) v 2939, 1684, 1639, 1604, 1577, 1506, 1452, 1244 cnrr»; 

1 H-NMR (DMSO-d 6 ) 8: 2.17 (m, 1H), 2.30 (s, 3H), 2.32 (m, 1H), 3.32 and 3.35 (each s, total 3H, amide isomers), 3.48 



Example 159 



[1492] 




[1494] 
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(m, 1H), 3.51-3.58 (m, 1H), 3.73 (d, J=7.6Hz, 1H), 3.79 (d, J=10.2Hz, 1H), 3.82-4.00 (m, 2H), 4.22 and 4.50 (each m, 
total 1H, amide isomers), 5.13 and 5.18 (each m, total 1H, amide isomers), 6.89 (dt, J=8.5, 1.7Hz, 1H), 7.00 and 7.01 
(eachd, each J=7.6Hz, total 2H, amide isomers), 7.06 and 7.09 (each d, J=7.1 and 4.4Hz respectively, total 1H, amide 
isomers), 7.19 (d, J=8.8Hz, 1H), 7.26 (t, J=7.8Hz, 1H), 7.88 (d, J=8.3Hz, 2H), 7.92 (d, J=11 .0Hz, 1H), 10.03 (br, 1H), 
5 12.63 (br, 1H). 

MS (ESI)m/z552 (M + +1); 

Anal. Calcd for C 29 k 2 7FN 3 0 6 0.5H 2 O: C, 62.14; H, 5.03; F, 6.78; N, 7.50. 
Found: C, 62.33; H, 5.01; F, 6.70; N, 7.40. 

10 Example 160 

4-(1-(2-(5-Fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolylacetyl)-(3R)-pyrrolidinyloxy)cyclohexanecaroox^ 
acid: 

15 (Step 1 ) Synthesis of ethyl 4-(1 -benzyl-(3R)-pyrrolidinyloxy)benzoate 



25 [1497] In THF (30 ml), DIAD (5.2 ml, 36.7 mmol) was added to 1 -benzyl-(2S)-hydroxypyrrolidine (5.0 g, 28.2 mmol), 
ethyl 4-hydroxybenzoate (4.6 g, 28 mmol), andtriphenylphosphine (9.6 g, 36.7 mmol) under stirring at 0°C. The reaction 
mixture was stirred at room temperature for 18 hours. From the reaction mixture, the solvent was distilled off under 
reduced pressure. The residue was purified by chromatography on a silica gel column, whereby from n-hexane-ethyl 
acetate (4:1 to 1:1, v/v) eluate fractions, ethyl 4-(1 -benzyl-(3R)-pyrrolidinyloxy)benzoate (5.8 g, 64%) was obtained as 

30 an amorphous substance. 

1 H-NMR (CDCI 3 ) 8: 1.36 (t, J=7.1Hz, 3H), 1.67 (br s, 1H), 1.95-2.04 (m, 1H), 2.30-2.33 (m, 1H), 2.58-2.62 (m, 1H), 
2.73-2.78 (m, 2H), 2.96-3.00 (m, 1H), 3.67 (AB q, J=7.0Hz, 2H), 4.33 (q, 3=7.1 Hz, 2H), 4.86-4.89 (m, 1H), 6.83 (d, 
J=9.0Hz, 2H), 7.25-7.32 (m, 5H), 7.96 (d, J=9.0Hz, 2H). 

35 (Step 2) Synthesis of ethyl 4-(1 -tert-butoxycarbonyl-(3R)-pyrrolidinyloxy)cyclohexanecarboxylate 



45 [1 499] in ethanol (1 0 ml) and acetic acid (1 .0 ml), ethyl 4-(1 -benzyl-(3R)-pyrrolidinyloxy)benzoate (3.8 g, 1 1 .7 mmol) 
and 5% rhodium/alumina (1.9 g) were subjected to catalytic hydrogenation for 24 hours under a hydrogen gas of 5 
atom. From the reaction mixture, the catalyst was filtered off, and the filtrate was distilled under reduced pressure to 
remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane-ethyl 
acetate (5:1 to 4:1, v/v) eluate fractions, ethyl 4-(1-tert-butoxycarbonyl-(3R)-pyrrolidinyloxy)cyclohexanecarboxylate 

so (1 .9 g, 47%) was obtained as a pale yellow oil. 



[1496] 



20 




[1498] 



40 




55 
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(Step 3) Synthesis of ethyl trans-4-(1-tert-butoxycarbonyl- (3R)-pyrrolidinyloxy)cyclohexanecarboxylate 
[1500] 

Boc" ^'C0 2 Et 

10 [1501] Ethyl 4-(1-tert-butoxycarbonyl-(3R)-pyrrolldinyloxy)cyclohexanecarboxylate (1.7 g, 4.98 mmol) and sodium 
methoxide (a 20% ethanol solution) (3.5 ml) were heated under reflux for 3 hours in ethanol (15 ml). After cooling, the 
reaction mixtu re was diluted with water, followed by extraction with ethyl acetate. The extract was washed with saturated 
brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from n-hexane-ethyl acetate (4:1 , v/v) eluate fractions, 

15 ethyl trans-4-(1-tert-butoxycarbonyl-(3R)-pyrrolidinyloxy)cyclohexanecarboxylate (280 mg, 16%) was obtained as a 
colorless oil. 

1 H-NMR (CDCl 3 ) 5: 1.20-1.35 (m, 5H), 1.40-1.50 (m, 11H), 1.80-2.05 (m, 6H), 2.20-2.30 (m, 1H), 3.20-3.50 (m, 5H), 
4.10-4.20 (m, 3H). 

20 (Step 4) Synthesis of ethyl 4-(1 -(2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolylacetyl)- (3R)- 
pyrrolidinyloxy)cyclohexanecarboxylate 

[1502] 

25 



30 




[1503] Ethyl trans-4-(1-tert-butoxycarbonyl-(3R)-pyrrolidinyloxy)cyclohexanecarboxylate (280 mg, 0.82 mmol) was 
dissolved in methylene chloride (5.0 ml). Under stirring at 0°C r trifluoroacetic acid (5.0 ml) was added to the resulting 

35 solution. The reaction mixture was stirred at room temperature for 0.5 hour. From the reaction mixture, the solvent was 
distilled off under reduced pressure. The residue was neutralized with a saturated aqueous solution of sodium bicar- 
bonate, followed by extraction with methylene chloride. The extract was washed with saturated brine, dried over an- 
hydrous sodium sulfate, and distilled under reduced pressure to remove the solvent (the resulting product was used 
to the subsequent reaction without further purification). In THF (5.0 ml) and acetonitrile (5.0 ml), EDC-HCI (119 mg, 

40 0.62 mmol) were added to the residue (0.41 mmol), (2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic 
acid (1 30 mg, 0.41 mmol), HOBt (84 mg, 0.41 mmol), and triethylamine (1 70 u.l, 1 .23 mmol) under ice cooling at 0°C. 
The reaction mixture was stirred at room temperature for 1 6 hours, and distilled under reduced pressure to remove 
the solvent. The residue was diluted with water, followed by extraction with ethyl acetate. The extract was washed 
successively with a saturated aqueous solution of sodium bicarbonate, a 2M aqueous solution of citric acid, and a 

45 saturated aqueous solution of sodium bicarbonate, dried over anhydrous sodium sulfate, and distilled under reduced 
pressure to remove the solvent. The residue was purified by column chromatography using a silica gel thin-layer plate 
(TLC) (n-hexane-ethyl acetate (1:3, v/v) developing solution) to give ethyl 4-(1-(2-(5-fluoro-2-methylphenylamino)- 
7-fIuoro-6-benzoxazolylacetyl)-(3R)-pyrrolidinyloxy)cyclohexanecarboxylate (170 mg, 77%) as a colorless oil. 
1 H-NMR (CDCI3) 8: 1 .1 9-1 .38 (m, 5H), 1 .39-1 .55 (m, 2H), 1 .85-2.10 (m, 6H), 2.1 9-2.30 (m, 1 H), 2.31 (s, 3H), 3.20-3.32 

so (rn, 1H), 3.50-3.80 (m, 6H), 4.07-4.14 (m, 2H), 4.20-4.27 (m, 1H), 6.73-6.77 (m, 1H), 7.02 (brs, 1H), 7.12-7.26 (m, 
4H), 8.08-8.11 (m,1H). 



55 
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(Step 5) Synthesis of 4-(1-(2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-^^ 
cyclohexanecarboxyiic acid 



[1 505] Ethyl 4- (1 - (2- (5-fluoro-2-methyfphenylamino)-7-f^ 

anecarboxylate (170 mg, 0.31 mmol) was dissolved in THF (5.0 ml) and methanol (3.0 ml). To the resulting solution 
was added 1 N NaOH (1 .0 ml, 1 .0 mmol). The resulting mixture was stirred at 70°C for 1 8 hours. The reaction mixture 
was cooled and distilled under reduced pressure to remove the solvent. The residue was neutralized with 1 N HCI. The 
crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried under 
reduced pressure to give the title compound (140 mg, 87%) as a white solid. 
IR (KBr) v 2940, 1639, 1610, 1577, 1454, 1070 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 8: 1.10-1.25 (m, 2H), 1.30-1.45 (m, 2H) , 1.80-2.00 (m, 6H), 2.10-2.20 (m, 1H), 2.29 (s, 3H), 
3.30-3.80 (m, 7H), 4.20-4.29 (m, 1H), 6.86-6.91 (m, 1H), 7.09 (t, J=6.8Hz, 1H). 7.20-7.27 (m, 2H), 7.92 (d, J=11.4Hz, 
1H). 

MS (FAB)m/z514(M+H) + ; 

Anal. Calcd for C^H^^Og 0,8H 2 O: C, 61.43; H, 5.84; N, 7.96. 
Found: C, 61.64; H, 5.79; N, 7.77. 



trans-4-(1-((7-Fluoro-2-(1-methyl-3-indoiyl)-6-benzoxazolyl)acetyl)-(2S)-methoxymethyl-(4R)-pyrrolidinylmethoxy) 
cyclohexanecarboxyiic acid: 

(Step 1) Synthesis of methyl trans-4-(1-((7-fluoro-2-(1-methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(2S)- 
methoxymethyl-(4R)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1507] In DMF (2 mi), (7-fluoro-2-(1-methyl-3-indolyl)-6-benzoxazolyl)acetic acid (122 mg, 0.376 mmol), methyl 
trans-4-((2S)-methoxymethyl-(4R)-pyrrolidinyloxy)cyclohexanecarboxylate (102 mg, 0.376 mmol), EDC HCI (108 mg, 
0.564 mmol), HOBt (76 mg, .0.564 mmol) and triethylamine (0.26 ml, 1 .88 mmol) were stirred at room temperature for 
21 hours. The reaction mixture was poured in ice water, followed by extraction with ethyl acetate. The extract was 
washed with ice water and saturated brine, dried over anhydrous sodium sulfate and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography using a silica gel thin-layer plate (TLC) (chloroform/ 
acetone (10/1) developing solution) to give methyl trans-4-(1-((7-fluoro-2-(1-methyl-3-indolyl)-6- benzoxazolyl)acetyl) 
-(2S)-methoxymethyl-(4R)-pyrrolidinylmethoxy)cyclohexanecarboxylate (175 mg, 84%) as a brown oil. 
1 H-NMR (CDCI 3 )6: 1.18-1.53 (m, 4H), 1.82 (s, 1H), 1.93-2.31 (m, 7H), 3.25 (m, 1H),3.33 and 3.34 (each s, total 3H, 
amide isomers), 3.42 (d, J=9.8Hz, 2H), 3.61 and 3.63 (each s, total 3H, amide isomers), 3.65 (s, 1H), 3.66-3.88 (m, 
2H), 4.1 5 (s, 3H), 4.23-4.34 (m, 2H), 7.33 (t, J=6.1 Hz, 1 H), 7.39 (d, J=7.3Hz, 1 H), 7.45 (m, 2H), 8.37 (d, J=8.1 Hz, 1 H), 
8.49 and 8.51 (each d, each J=11.7Hz, total 1H, amide iosmers), 9.48 (s, 1H). 
MS (ESI) m/z 578 (M + +1). 



[1504] 




Example 161 



[1506] 
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(Step 2) Synthesis of trans-4-(1 -((7-f luoro-2-(1 -methyl-3-indolyl)-6-benzoxazolyl)acetyl)-(2S)-methoxymethyl-(4R)- 
pyrrolidinylmethoxy)cyclohexanecarboxylicacid 

[1508] 



OMe 



10 




[1509] Methyl trans-4-(1 -((7-fluoro-2-(1 -methyl-3-indolyl)-6- benzoxa2olyl)acety!)-(2S)-methoxymethyl-(4R)-pyrro- 
15 lidinylmethoxy)cyclohexanecarboxylate (1 75 mg, 0.324 mmol) was dissolved in THF/methanol (8/4 ml). To the resulting 
solution was added 1 N NaOH (4 ml). After stirring at room temperature for 1 5 hours, the reaction mixture was distilled 
under reduced pressure to remove the solvent. The residue was acidified with 1N HCI. The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried under reduced pressure to give the 
title compound (129 mg, 73%) as a colorless solid. 
20 |R (ATR) v 2937, 2864, 1724, 1626, 1583, 1502, 1442, 1369cnrr 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1.10-1.41 (m, 4H), 1.83-2.19 (m, 7H), 3.24 (s, 3H), 3.7-3.38 (m, 1H) , 3.42 (d, J=4.7Hz, 2H), 
3.51 and 3.55 (each dd, J=1 0.7,4.2 and 10.7,2.9Hz respectively, total 1H, amide isomers), 3.70 (dd, J=10.5,5.4Hz, 
1H), 3.81 (s, 3H), 3.91 (s, 3H), 4.10 and 4.34 (each m, total 2H, amide isomers), 7.22 (t, J=6.6Hz, 1H), 7.33 (dq, 
J=7.1, 1.0Hz, 1H), 7.35 (dq, J=7.1 ,1.0Hz, 1H), 7.47 and 7.48 (each d, J=8.1 and 8.3Hz respectively, total 1H, amide 
25 isomers), 7.63 (dd, J=6.8,1.5Hz, 1H), 8.29 (dd, J=6.3,1.5Hz, 1H), 8.44 (s, 1H), 12.05 (s, 1k). 
MS (ES!)m/z564 (M + +1); 

Anal. Calcd for C 31 H34FN 3 0 6 0.5H 2 O: C, 65.02; H, 6.16; R 3.32; N, 7.34. 
Found: C, 64.72; H, 6.15; F, 3.21; N, 7.28. 

30 Example 162 

4-(1-(5-Chloro-2-fluoro-4-(1-methyl-3-indolyl)carbony!aminophenylacetyl)-(3R)-pyrrolidinylmethoxy) benzoic acid: 
(Step 1) Synthesis of 1-benzyl-(3R)-cyanopyrrolidine 

35 

[1510] 



CV CN 

40 Jsj-' 

Bn 

[1 51 1 ] In methylene chloride (25 ml) were dissolved 1 -benzyl-(3S)-hydroxypyrrolidine (4.0 g , 22.6 mmol) and triethyl- 
amine (9.1 ml, 66 mmol). Methanesulfonyl chloride (3,76 g, 33 mmol) was added dropwise under stirring at 0°C. After 
completion of the dropwise addition, the reaction mixture was stirred at room temperature for hour, and then distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from n-hexane:ethyl acetate (1 :4, v/v) eluate fractions, the resulting product was obtained as a pate yellow 
oil. The oil was dissolved in DMSO (25 ml), and to the resulting solution was added sodium cyanide (6.0 g, 113 mmol). 
The resulting mixture was stirred at 60°C for 1 8 hours. The reaction mixture was poured in water, followed by extraction 
so with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, 
whereby from n-hexane:ethyl acetate (3:1 to 1:1, v/v) eluate fractions, 1-benzyl-(3R)-cyanopyrrolidine (3.2 g, 77%) 
was obtained as a pale yellow oil. 

1 H-NMR (CDCI 3 ) 8: 2.05-2.30 (m ( 2H), 2.58-2.70 (m, 3H), 2.80-3.05 (m, 2H), 3.64 (AB q, J=1 2.9Hz, 2H), 7.25-7.34 (m, 
55 5H). 
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(Step 2) Synthesis of methyl 1-benzyl-(3R)-pyrrolidinylcarboxylate 
[1512] 



Bn 



COOMe 



10 [1513] In concentrated HCI (15 ml), 1 -benzyl-(3R)-cyanopyrrolidine (2.0 g, 10.75 mmol) was heated under reflux for 
0.5 hour. After cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue 
was dissolved in methanol (10 ml). Under stirring at -50°C, and thionyl chloride (2.6 ml) was added. The mixture was 
stirred further at room temperature for 1 8 hours. From the reaction mixture, the solvent was distilled off under reduced 
pressure. The residue was neutralized with a saturated aqueous solution of sodium bicarbonate, followed by extraction 

15 with chloroform. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from n-hexane:ethyl acetate (2:1 to 1 :2, v/v) eluate fractions, methyl 1 -benzyl-(3R)-pyrrolidinylcarboxylate (1 .6 g, 70%) 
was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 6: 2.08-2.12 (m, 2H), 2.50-2.69 (m, 3H), 2.88-3.03 (m, 2H), 3.62 (s, 3H), 3.67 (s, 3H), 7.25-7.32 (m, 
20 5H). 



(Step 3) Synthesis of methyl 1-tert-butoxycarbonyl-(3R)-pyrrolidinylcarboxylate 



[1514] 

25 



o N 

Boc 



0" 



COOMe 



30 

[1 51 5] Methyl 1 -benzyl-(3R)-pyrrolidinylcarboxylate (1 .6 g, 7.3 mmol) and palladium hydroxide-carbon (300 mg) were 
subjected to catalytic hydrogenation in methanol (15 ml) under normal pressure for 1 8 hours. From the reaction mixture, 
the catalyst was filtered off, and the filtrate was distilled under reduced pressure to remove the solvent, whereby a 
colorless oil was obtained. The oil was dissolved in methylene chloride (20 ml). To the resulting solution were added 
35 di-tert-butyl dicarbonate (2.0 g, 9.5 mmol) and triethylamine (2.0 ml). The resulting mixture was stirred at room tem- 
perature for 6 hours. From the reaction mixture, the solvent was distilled off under reduced pressure. The residue was 
purified by chromatography on a silica gel column, whereby from n-hexane:ethyl acetate (5:1 to 1 :1 , v/v) eluate fractions, 
methyl 1-tert-butoxycarbonyl-(3R)-pyrrolidinylcarboxylate (1.2 g, 72%) was obtained as a colorless oil. 
1 H-NMR (CDCI3) 6: 1.46 (s, 9H), 2.12 (brs, 2H), 3.04-3.06 (m, 1H), 3.33-3.36 (m, 1H), 3.48-3.70 (m, 3H), 3.71 (s, 3H). 

40 

(Step 4) Synthesis of 1 -tert-butoxycarbonyl-(3R)-pyrrolidinylcarboxylic acid 



45 



[1516] 



< ^V.COOH 
80/ 



[1517] Methyl 1-tert-butoxycarbonyl-(3R)-pyrrolidinylcarboxylate (1.6 g, 6.98 mmol) was dissolved in THF (15 ml) 
and methanol (7 ml). To the resulting solution was added 1N NaOH (10 ml, 10 mmol). The mixture was stirred at 70°C 
for 1 8 hours. The reaction mixture was cooled and distilled under reduced pressure to remove the solvent. The residue 
was neutralized with 1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed 
55 with water and dried under reduced pressure to give 1 -tert-butoxycarbonyl-(3R)-pyrrolidinylcarboxylic acid (1 .5 g, 80%) 
as a white crystalline solid. 

1 H-NMR (CDCI3) 6: 1.46 (s, 9H), 2.10-2.20 (m, 2H), 3.08-3.11 (m, 1H), 3.36-3.62 (m, 4H). 
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(Step 5) Synthesis of 1-tert-butoxycaibonyl-(3R)-pyrrolidinemethanol 
[1518] 

Boc 

10 [1519] In THF (15 ml), borane - dimethyl sulfide (a 1.0M THF solution) (8.0 ml, 8.0 mmol) was added to 1-tert- 
butoxycarbonyl-(3R)-pyrrolidinylcarboxylic acid (1.1 g, 5.11 mmol) under stirring at 0°C. The reaction mixture was 
stirred at room temperature for 3 hours and then, heated under reflux for 3 hours. After cooling, the reaction mixture 
was distilled under reduced pressure to remove the solvent. Water was added the residue, followed by extraction with 
ethyl acetate. The extract was washed with water, dried over anhydrous sodium sulfate, and distilled under reduced 

15 pressure to remove the solvent to give 1 -tert-butoxycarbonyl -(3 R) -pyrrol idinemethanol (1 .2 g, 1 00 %) as a colorless oil. 
1 H-NMR (CDCI 3 ) 5: 1.45 (s, 9H), 1.80-2.00 (m, 1H), 2.30-2.45 (m, 1H), 3.05-3.15 (m, 1H), 3.20-3.70 (m, 6H). 

(Step 6) Synthesis of ethyl 4-(1-tert-butoxycarbbnyl-(3R)-pyrrolidinylmethoxy)benzoate 

20 [1520] 

P^O-Q-COOEt 

25 BOC 



[1521] In THF (15 ml), DIAD (1 .34 g, 6.64 mmol) was added to 1-tert-butoxycarbonyl-(3R)-pyrrolidinemethanol (1 .1 
g, 5.11 mmol), ethyl 4-hydroxybenzoate (848 mg, 5.1 1 mmol), and triphenylphosphine (1 .74 g, 6.64 mmol) under stirring t 
30 at 0°C. The reaction mixture was stirred further at room temperature for 1 8 hours. From the reaction mixture, the solvent 
was distilled off under reduced pressure. The residue was purified by chromatography on a silica gel column, whereby 
from n-hexane:ethyl acetate (1:1, v/v) eluate fractions, ethyl 4-(1-tert-butoxycarbonyl-(3R)-pyrrolidinylmethoxy)ben- 
zoate (800 mg, 45%) was obtained as a pale yellow oil. 

1 H-NMR(CDCI 3 ) 8: 1.38 (t, J=7.1 Hz, 3H), 1 .75-1 .85 (m, 1H), 2.00-2.15 (m, 1H), 2.62-2,75 (m, 1H), 3.15-3.65 (m, 4H), 
35 3.85-4.05 (m, 2H) , 4.34 (q, J=7.1Hz, 2H), 6.90 (d, J=8.5Hz, 2H), 7.99 (d, J=8.5Hz, 2H). 

(Step 7) Synthesis of ethyl 4-(1-((5-ch!oro-2-fluoro-4-(1-methyl-3-indolyl)carbonylaminophenyl)acetyl)-(3R)- 
pyrrolidinylmethoxy)benzoate 

40 [1522] 



45 



N-» H CI 



OCOOE1 



so [1523] Ethyl 4-(1-tert-butoxycarbonyl-(3R)-pyrrolidinylmethoxy)benzoate (150 mg, 0.42 mmol) was dissolved in 
methylene chloride (5.0 ml). To the resulting solution was added trifluoroacetic acid (5.0 ml) under stirring at 0°C. The 
reaction mixture was stirred further at room temperature for 0.5 hour. From the reaction mixture, the solvent was distilled 
off under reduced pressure. The residue was neutralized with a saturated aqueous solution of sodium bicarbonate, 
followed by extraction with methylene chloride. The extract was washed with saturated brine, dried over anhydrous 

55 sodium sulfate, and distilled under reduced pressure to remove the solvent. The resulting residue was provided for the 
subsequent reaction without further purification. In THF (5.0 ml) and acetonitrile (5.0 ml), EDC-HCI (144 mg, 0.75 mmol) 
was added to the resulting oil, (5-chloro-2-fluoro-4-(1-methyl-3-indolyl)carbonylaminophenyl)acetic acid (180 mg, 0.5 
mmol), HOBt (70 mg, 0.5 mmol), and triethylamine (208 u.l, 1 .5 mmol) at 0°C. The resulting mixture was stirred for 1 6 
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hours. From the reaction mixture, the solvent was distilled off under reduced pressure. Water was added to the residue, 
followed by extraction with ethyl acetate. The extract was washed successively with a saturated aqueous solution of 
sodium bicarbonate, a 2M aqueous solution of citric acid, and a saturated aqueous solution of sodium bicarbonate, 
dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was 
5 purified by chromatography using a silica gel thin-layer plate (TLC), whereby from n-hexane:ethyl acetate (1 :4, v/v) 
eluate fractions, methyl 4-(1-(5-chloro-2-fluoro-4- (1-methyl-3-indolyl)carbonylaminophenylacetyl)-(3R)-pyrrolidinyl- 
methoxy)benzoate (140 mg, 55%) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 5: 1.32-1.39 (m, 3H), 1.80-2.30 (m, 2H), 2.62-2.88 (m, 1H), 3.35-4.10 (m, 8H), 4.20-4.40 (m, 2H), 
6.88 (d, J=7.1Hz, 2H), 7.34-7.45 (m, 4H), 7.81 (d, J=7.1Hz, 1H), 7.99 (d, J=7.1Hz, 2H), 8.12-8.14 (m, 1H), 8.25-8.30 
10 (m, 1H), 8.48-8.53 (m, 1H). 

(Step 8) Synthesis of 4-(1 -((5-chloro-2-fluoro-4-(1 -methyl-3-indolyl)carbonylaminophenylacetyl)-(3R)- 
pyrrolidinylmethyloxy)benzoic acid 

/ 

15 [1524] 



20 




Me 



25 

[1 525] Ethyl 4-(1 -((5-chloro-2-fluoro-4-(1 -methyl-3-indolyl)carbonylaminophenylacetyl)-(3R)-pyrrolidinylmethyloxy) 
benzoate (140 mg, 0.24 mmol) was dissolved in THF (10 ml) and methanol (5.0 ml). To the resulting solution was 
added 1 N NaOH (1 .0 ml, 1 .0 mmol). The resulting mixture was stirred at 70°C for 1 8 hours. The reaction mixture was 
distilled under reduced pressure to remove the solvent. The residue was diluted with water, and then acidified with 1 N 

30 HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and dried 
under reduced pressure to give the title compound (160 mg, 100%) as a white crystalline solid. 
1 H-NMR (DMSO-d 6 ) 6: 1 .70-2.20 (m, 2H), 2.60-2.80 (m, 1 H), 3.20-3.90 (m, 9H), 4.02-4.1 8 (m, 2H), 7.03-7.06 (m, 2H), 
7,20-7.29 (m, 2H), 7.47 (dd, J=2.7,7.5, 1H), 7.56 (d, J=8.0Hz, 1H), 7.70 (dd, J=2.9,11 .2Hz, 1H) , 7.88-7.91 (m, 1H), 
8.15 (d, J=7.5Hz, 1H), 8.31 (s, 1H), 9.31 (d, J=2.9Hz, 1H). 

35 MS (ESI) m/z 564 (M + H) + . 

Example 1 63 

trans-4-(1 -(5-Chloro-2-fluoro-4-(1 -methyN 
40 cyclohexanecarboxylic acid: 

(Step 1) Synthesis of ethyl 4-(1-tert-butoxycarbonyl-(3R)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
[1526] 

45 

P^onQ-cooEt 

Boc 

50 

[1527] Ethyl 4-(1 -tert-butoxycarbonyt-(3R)-pyrrolidinylmethoxy)benzoate (650 mg, 1 .86 mmol) and 5% rhodium-alu- 
mina (300 mg) were subjected to catalytic hydrogenation in ethanol (10 ml) and acetic acid (1 .0 ml) under a hydrogen 
gas of 5 atm for 24 hours. From the reaction mixture, the catalyst was filtered off, and the filtrate was distilled under 
reduced pressure to remove the solvent, whereby ethyl 4-(1 -tert-butoxycarbonyl-3R-pyrrolidinylmethoxy)cyclohexane- 
55 carboxylate (660 mg, 1 00 %) was obtained as a colorless oil. The resulting compound was provided for the subsequent 
reaction without further purification. 
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(Step 2) Synthesis of methyl cis- and trans-4-(1-tert-butoxycarbonyl-(3R)-pyrrolidinylmethoxy) 
cyclohexanecarboxylates 

[1528] 

5 

S^r^^O -000 ^ £^ 0 ~O** cooMe 

Boc Boc 

10 

[1529] Ethyl 4-(1-tert-butoxycarbonyl- (3R)-pyrrolidinylmethoxy)cyclohexanecart>oxylate (640 mg, 1.91 mmol) and 
a sodium ethoxide ethanol solution (4.0 mmol) were heated under reflux for 3 hours in ethanol (20 ml). After cooling, 
the reaction mixture was distilled under reduced pressure to remove the solvent. The residue was diluted with ethyl 

15 acetate. The ethyl acetate solution was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled 
under reduced pressure to remove the solvent to give 4-{1-tert-butoxycarbonyl-3R-pyrrolidinyImethoxy)cyclohexane- 
carboxylic acid. The resulting product was dissolved in toluene (16 ml) and methanol (4.0 ml). Trimethylsilyldiazometh- 
ane (a 2.0M hexane solution) (1 .4 ml) was added dropwise to the resulting solution. After stirring at room temperature 
for 1 hour, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue was purified 

20 by flash column chromatography using a silica gel, whereby from n-hexane:ethyl acetate (4:1, vA/) eluate fractions, 
methyl 4-(1-tert-butoxycarbonyl-(3R)-pyrrolidinylmethoxy)cyclohexanecarboxylate (270 mg, 41% for cis-isomer, 120 
mg, 18% for trans-isomer) was obtained as a colorless oil. 

Cis isomer; 1 H-NMR (CDCI 3 ) 6: 1.39-2.00 (m, 19H), 2.30-2.50 (m, 2H), 3.00-3.10 (m, 1H), , 3.22-3.55 (m, 6H), 3.66 
(s,3H). 

25 Trans isomer; 1 H-NMR (CDCI 3 ) 8: 1.18-1.28 (m, 2H), 1.40-1.55 (m, 11 H), 1.90-2.10 (m, 6H), 2.20-2.50 (m, 2H), 
3.00-3.55 (m, 7H), 3.66 (s, 3H). 

(Step 3) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4- (1-methyl-3-indofyl)carbonylaminophenyl)acetyl)-(3R)- 
pyrrolidinylmethyloxy)cyclohexanecarboxylate 

30 

[1530] 



35 




Me 



[1531] Methyl trans-4-(1-tert-butoxycarbonyl-(3R)-pyrrolidinylmethoxy)cyclohexanecarboxylate (120 mg, 0.35 
mmol) was dissolved in methylene chloride (5.0 ml). To the resulting solution was added trifluoroacetic acid (5.0 ml) 
under stirring at 0°C. The reaction mixture was stirred further at room temperature for 0.5 hour. From the reaction 
mixture, the solvent was distilled off under reduced pressure. A saturated aqueous solution of sodium bicarbonate was 

45 added to the residue, followed by extraction with methylene chloride. The extract was washed with saturated brine, 
dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The crude product 
thus obtained was provided for the subsequent reaction without further purification. In THF (5.0 ml) and acetonitrile 
(5.0 ml), EDC-HCI (1 00 mg, 0.52 mmol) was added to the crude product, (5-chloro-2-f luoro-4-(1 -methyl-3-lndolyl)car- 
bonylaminophenyl)acetic acid (126 mg, 0.35 mmol), HOBt (48 mg, 0.35 mmol), and triethylamine (139 uJ, 1.0 mmol) 

50 under stirring at 0°C. The reaction mixture was stirred further at room temperature for 16 hours. From the reaction 
mixture, the solvent was distilled off under reduced pressure. The residue was diluted with water, followed by extraction 
with ethyl acetate. The extract was washed successively with a saturated aqueous solution of sodium bicarbonate, a 
2M aqueous solution of citric acid, and a saturated aqueous solution of sodium bicarbonate, dried over anhydrous 
sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatog- 

55 raphy using a silica gel thin-layer plate (TLC), whereby from n-hexane:ethyl acetate (1 :7, vA/) eluate fractions, methyl 
trans-4-(1-((5-chloro-2-fluoro-4-(1-methyl-3-indolyl)carbonylaminophenyl)acetyl)-(3R)-pyrrolidinylmet^ 
clohexanecarboxylate (110 mg, 54%) was obtained as a colorless oil. 
. 1 H-NMR (CDCy 5: 1.10-1.31 (m, 2H), 1.35-1.50 (m, 2H), 1.52-1.85 (m, 2H), 1.90-2.10 (m, 6H), 2.15-2.30 (m, 1H), 
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2.40-2.60 (m, 1H), 3.20-3.80 (m, 10H), 3.89 (s, 3H), 7.33-7.44 (s, 4H), 7.80 (s, 1H), 8.12-8.14 (m, 1H), 8.29 (s p 1H), 
8.48-8.52 (m, 1H). 

(Step 4) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-(1 -methyl-3-indolyl)carbonylaminophenyl)acetyl)-(3R)- 
5 pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1532] 



w 



15 




[1533] Methyl trans-4-(1-((5-chloro-2-fluoro-4- (1-methyl-3-indolyl)carbonylaminophenylacetyl)-(3R)-pyrrolidinyl- 
methoxy)cyclohexanecarboxylate (110 mg, 0.2mmol) was dissolved in THF (10 ml) and methanol (5.0 ml). To the 
resulting solution was added 1 N NaOH (1 .0 ml, 1 .0 mmol). The resulting mixture was stirred at 70°C for 1 8 hours. After 
20 cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. The residue was neutralized 
with 1 N HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with water and 
dried under reduced pressure to give the title compound (100 mg, 100%) as a white crystalline solid. 
IR (ATR) v 1614, 1517, 1403, 1099 cm" 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 1 .10-1 .21 (m, 2H), 1 .30-1 .40 (m, 2H), 1 .50-1 .75 (m, 1 H), 1 .80-2.05 (m, 5H), 2.10-2.40 (m, 2H), 
25 3.05-3.80 (m, 9H), 3.89 (s, 3H), 7.19-7.29 (m, 2H), 7.45 (d, J=7.3Hz, 1H), 7.55 (d, J=8.3Hz, 1H), 7.69 (d, J=1 1.0Hz, 
1H), 8.15 (d, J=7.8Hz, 1H), 8.30 (s, 1H), 9.31 (s, 1H). 
MS (FAB) m/z 570 (M+H) + ; 

Anal, calcd for C 30 k33CIFN 3 O 5 : C, 63.21 ; H, 5.83; N, 7.37; CI, 6.22; F, 3.33. 
Found: C, 62.86; H, 5.71 ; N, 7.15; CI, 5.99; F, 3.19. 

30 

Example 1 64 

trans-4-(1-((5-Chloro-2-fluoro-4-((1-methyl-3-indoIylcarbonyl)amino)phenyl)acetyl)-(5R)-methoxymethyl-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

35 

(Step 1) Synthesis of (5S)-benzyloxymethyl-N-tert-butoxycarbonyl-(2S)-pyrrolidinecarbaldehyde 
[1534] 

40 

Boe 

45 [1535] To a solution of oxalyl chloride (1.58 ml, 18.1 mmol) in methylene chloride (30 ml) was added dropwiseDMSO 
(1 .93 ml, 27.2 mmol) under stirring at -78°C. To the reaction mixture, a solution of (5S)«benzyloxymethyl-N-tert-butox- 
ycarbonyl-(2S)-pyrrolidinemethanol (2.91 g, 9.05 mmol) in methylene chloride (20 ml) was added at the same temper- 
ature. At a reaction temperature raised from -78°C to -40°C, stirring was conducted for 3 hours. Triethylamine (6.31 
ml, 45.3 mmol) was added to the reaction mixture, and the mixture was stirred at 40°C for 2 hours. The reaction mixture 

50 was diluted with a saturated aqueous solution of ammonium chloride, followed by extraction with chloroform. The 
extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ 
ethyl acetate (4:1, v/v) eluate fractions, (5S)-benzyloxymethyl-N-tert-butoxycarbonyl-(2S)-pyrrolidinecarbaldehyde 
(2.90 g, 100%) was obtained as a pale yellow oil. 

55 1 H-NMR (CDCI 3 ) 5: 1.42 and 1 .43 (each s, total 9H), 1 .85-2.04 (m, 3H), 2.16-2.35 (m, 1H), 3.41-3.45 and 3.55-3.59 
(each m, total 1H), 3.61-3.63 (m, 1H), 4.07-4.30 (m, 2H), 4.48-4.57 (m, 2H), 7.27-7.35 (m, 5H), 9.52 and 9.58 (each 
s, total 1H). 
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(Step 2) Synthesis of (2S)-benzyloxymethyl-N-tert-butoxycaitonyl-(5R)-hydroxymethylpyrrolidine and (2S)- 
benzyloxymethyl-N-tert-butoxycarbonyl-(5S)-hydroxymethylpyrrolidine 

[1536] 

5 

Boc Boc 

10 

[1537] In methanol (30 ml) was dissolved (5S)-benzyloxymethyl-N-tert-butoxycart)onyl-(2S)-pyrrolidinecart)alde- 
hyde (2.90 g, 9.08 mmol). To the resulting solution was added potassium carbonate (1 .50 g, 1 0.9 mmol) and the mixture 
was heated under reflux for 10 hours. After cooling to room temperature, the reaction mixture was distilled under 
reduced pressure to remove the solvent. Water was added to the residue, followed by extraction with ethyl acetate. 

15 The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent, whereby (5S)-benzyloxymethyl-N-tert-butoxycarbonylpyrroiidinecarbaldehyde (2.52 g) was ob- 
tained. In methanol (20 ml), sodium borohydride (0.60 g, 1 5.9 mmol) was added to (5S)-benzyloxymethyl-N-tert-butoxy- 
carbonylpyrrolidinecarbaldehyde (2.52 g, 7.89 mmol) under stirring at 0°C, while adding thereto . The reaction mixture 
was stirred at room temperature for 20 hours. The mixture was concentrated under reduced pressure to remove the 

20 solvent. Water was added to the residue, followed by extraction with ethyl acetate. The extract was washed with sat- 
urated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The 
residue was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (3:1 , v/v) eluate 
fractions, (2S)-benzyloxymethyl-N-tert-butoxycarbonyl-(5R)-hydroxymethylpyrrolidine (1.42 g, 56%) was obtained as 
a pale yellow oil. 

25 1 H-NMR (CDCl 3 ) (2S.5R) 8: 1.43 (s, 9H) , 1.87-2.01 (m, 4H) , 3.44-3.52 (m, 2H), , 3.74-3.78 (m, 1H) , 3.92-4.01 (m, 
2H), 4.50-4.57 (m, 1H) , 4.70 (m, 1H) , 7.27-7.37 (m, 5H). 

In addition, (2S)-benzyloxymethyl-N-tert-butoxycarbonyl-(5S)-hydroxymethylpyrrolidine (0.65 g, 26%) was obtained 
as a pale yellow oil. 

1H-NMR(CDCI 3 ) (2S,5S)5: 1.41 (s, 9H), 1 .93-2.16 (m, 4H), 3.33-3.38 (m, 1H), 3.52-3.60 (m, 2H), 3.66-3.72 (m, 1H), 
30 3.95-4.02 (m, 2H), 4.29 (m, 1H), 4.48-4.54 (m, 2H), 7.28-7.36 (m, 5H). 

(Step 3) Synthesis of (2S)-benzyloxymethyl-N-tert-butoxycarbonyl-(5R)-methoxymethylpyrrolidine 
[1538] 

35 



Boc 

40 

[1539] In DMF (5 ml) were suspended (2S)-benzyloxymethyl-N-tert-butoxycarbonyl-(5R)-hydroxymethylpyrrolidine 
(190 mg, 0.59 mmol) and sodium hydride (28 mg, 1.17 mmol). To the resulting suspension was added methyl iodide 
(44 u.l, 0.71 mmol) under stirring at 0°C. The reaction mixture was stirred further at room temperature for 2 days. Water 
was added to the reaction mixture, followed by extraction with ethyl acetate. The extract was washed with saturated 
45 brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue 
was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (5:1 , v/v) eluate fractions, 
(2S)-benzyloxymethyl-N-tert-butoxycarbonyl-(5R)-methoxymethylpyrrolidine (183 mg, 92%) was obtained as a color- 
less oil. 

1 H-NMR (CDCI3) 6: 1 .44 (s, 9H), 1 .87-1.99 (m, 4H), 3.28-3.34 (m, total 5 H, including s, 3H, at 5: 3.31), 3.49 (m, 1H), 
so 3.51-3.61 (m, 1H), 3.96 (m, 2H), 4.52 (s, 2H), 7.25-7.33 (m, 5H). 



55 
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(Step 4) Synthesis of N-tert-butoxycarbonyl-(5R)-methoxymethyl-(2S)-pyrroiidinemethanol 



[1540] 



5 



Boc 



10 [1541] In methanol (10 ml) was dissolved (2S)-ben2yloxymethyl-N-tert-butoxycarbonyl-(5R)-methoxymethyIpyrroli- 
dine (183 mg, 0.55 mmol). In the presence of 10% palladium-carbon (40 mg, ca. 20 wt%), the resulting solution was 
subjected to catalytic hydrogenation for 1 5 hours. From the reaction mixture, the catalyst was filtered off and the filtrate 
was distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from n-hexane/ ethyl acetate (2:1, v/v) eluate fractions, N-tert-butoxycarbonyl-(5R)-methoxyme- 

15 thyl-(2S)-pyrrolidinemethanol (116 mg, 87%) was obtained as a colorless oil. 

1 H-MMR (CDCI 3 ) 8: 1.48 (s, 9H), 1 .87-2.01 (m, 4H), 3.36 (s, 3H), 3.38-3.39 (m, 1H), 3.45-3.51 (m, 1H), 3.78-3.99 (m, 
3H), 4.66-4.69 (m, 1H). 

(Step 5) Synthesis of methyl 4-((5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)benzoate 



[1543] In THF (20 ml), DIAD (1.14 ml, 5.79 mmol) was added to N-tert-butoxycarbonyl-(5R)-methoxymethyl-(2S)- 
pyrrolidinemethanol (950 mg, 3.87 mmol), methyl 4-hydroxybenzoate (648 mg, 4.26 mmol) and triphenylphosphine 

30 (1 .22 g, 4.65 mmol) and the resulting mixture was heated under reflux for 1 0 hours. After cooling to room temperature, 
the reaction mixture was distilled under reduced pressure to remove the solvent. The residue was purified by chroma- 
tography on a silica gel column, whereby from n-hexane/ethyl acetate (6:1, v/v) eluate fractions, methyl 4-(N-tert- 
butoxycarbonyl-(5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)benzoate (1 .62 g) was obtained. 
[1544] The resulting product (1.62 g) was dissolved in methylene chloride (15 ml). To the resulting solution was 

35 added trifluoroacetic acid (15 ml). The reaction mixture was stirred at room temperature for 17 hours. The reaction 
mixture was made basic with a saturated aqueous solution of sodium bicarbonate, followed by extraction with chloro- 
form. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced 
pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
chloroform/methanol (20:1, v/v) eluate fractions, methyl 4-((5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)benzoate 

40 (1 .03 g, 95% for 2 steps) was obtained as a pale yellow oil. 

1 H-MMR (CDCI3) 5: 1 .49-2.01 (m, 5H) , 3.27-3.33 (m, 1 H), 3.37-3.44 (m, total 5H, including s, 3H, at 5: 3.37), 3.53-3.59 
(m, 1 H), 3.87-4.00 (m, total 5H, including s, 3H, at 8: 3.88), 6.09 (d, J=8.8Hz, 2H), 7.97 (d, J=8.8Hz, 2H). 

(Step 6) Synthesis of methyl 4-(N-tert-butoxycarbonyl-(5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy) 
45 cyclohexanecarboxylate 



[1546] Methyl 4-((5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)benzoate (1 .03 g, 3.69 mmol) was dissolved inmeth- 
55 anolArifluoroacetic acid (21 ml, 20:1 , v/v). To the resulting solution was added rhodium-alumina (0.50 g) and the resulting 
mixture was subjected to catalytic hydrogenation for 1 day under a hydrogen gas of 1 0 atm. From the reaction mixture, 
the catalyst was filtered off and the filtrate was distilled under reduced pressure to remove the solvent, whereby methyl 
4-((5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate trifluoroacetate (1.15 g) was obtained. 



20 



[1542] 
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[1545] 
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[1547] To the resulting product (1.15 g) were added dioxane/a saturated aqueous solution of sodium bicarbonate 
(30 ml, 1 :1/ v/v) and di-tert-buty! dicarbonate (0.81 g, 3.71 mmol) and the resulting mixture was stirred at room tem- 
perature tor 2 hours. The reaction mixture was acidified with 1N HCI, followed by extraction with ethyl acetate. The 
extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ 
ethyl acetate (5:1, v/v) eluate fractions, methyl 4-(N-tert-butoxycarbonyl-(5R)-methoxymethyl-(2S)-pyrrolidinylmeth- 
oxy)cyclohexanecarboxylate (1 .32 g, 93% for 2 steps) was obtained as a colorless oil. 

1 H-NMR (CDCI 3 ) 8: 1.46 (s, 9H), 1.64-1.67 (m, 2H), 1.80-1.98 (m, 6H) , 2.10-2.34 (m, 5H) , 3.32-3.39 (m, total 5 H, 
including s, 3H, at 6: 3.35), 3.46-3.63 (m, 3H), 3.67 (s, 3H), 3.91 (m, 2H). 

(Step 7) Synthesis of methyl trans-4-(N-tert-butoxycarbonyl- (5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate and methyl cis-4-(N-tert-butoxycarbonyl-(5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 



[1549] Methyl 4-(N-tert-butoxycarbonyl-(5R)-methoxymethyl-(25)-pyrro!idinylmethoxy)cyclohexanecarboxylate 
(1 .32 g, 3.42 mmol) was dissolved in methanol (10 ml). To the resulting solution was added sodium methoxide (0.55 
g, 1 0.2 mmol) and the mixture was heated under reflux for 20 hours. After cooling to the room temperature, the reaction 
mixture was concentrated under reduced pressure to remove the solvent. The residue was added with water, followed 
by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, 
and distilled under reduced pressure to remove the solvent, whereby a crude product was obtained. The crude product 
was dissolved in methanol/benzene (10 ml, 1 :4, v/v). To the resulting solution was added trimethylsilyldiazomethane 
(a 2.0M hexane solution, 680 uJ, 1 .36 mmol) and the mixture was stirred further at room temperature for 3 hours. From 
the reaction mixture, the solvent was distilled off under reduced pressure. The residue was purified by flash column 
chromatography using a silica gel, whereby from n-hexane/ethyl acetate (7:1 , v/v) eluate fractions, methyl trans-4-(N- 
tert-butoxycaroonyl-(5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (321 mg, 24%) was ob- 
tained as a pale yellow oil. 

1 H-NMR (CDCI3) (1 ,4-trans): 8: 1 .22-1 .33 (m, 2H), 1 .41-1 .51 (m, total 11 H, including s, 9H, at 5: 1 .46), 1 .87-2.07 (m, 
8H), 2.24-2.29 (m, 1H), 3.17-3.63 (m, total 8H, including s, 3H, at 8: 3.35), 3.66 (s, 3H), , 3.87-3.97 (m, 2H) . 
In addition, methyl cis-4-(N-tert-butoxycarbonyl-(5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxy- 
late (349 mg, 26%) was obtained as a colorless oil. 

1 H-NMR (CDCI3) : (1,4-cis): 8: 1.43-1.52 (m, total 11 H, including s, 9H, at 8: 1.46), 1.64-1.67 (m, 2H), 1.79-1.97 (m, 
8H), 2.32-2.36 (m, 1H), 3.29-3.52 (m, total 8H, including s, 3H, at 8: 3.35), 3.66 (s, 3H) , 3.88-3.94 (m, 2H). 

(Step 8) Synthesis of methyl trans-4-((5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1551] Methyl trans-4-(N-tert-butoxycartDonyl-(5R)-methoxym 

late (321 mg, 0.83 mmol) was dissolved in methylene chloride (3 ml). To the resulting solution was added trifluoroacetic 
acid (3 ml) and the mixture was stirred at room temperature for 1 hour. The reaction mixture was made basic with a 
saturated aqueous solution of sodium bicarbonate, followed by extraction with chloroform. The extract was washed 
with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent 
to give methyl trans-4-((5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (240 mg, 100%) as a 
pale yellow oil. 

1 H-NMR (CDCI3) 8: 1.21-1.33 (m, 2H), 1.41-1.50 (m, 2H), 1.80-1.86 (m, 3H), 1.99-2.09 (m, 5H), 2.23-2.30 (m, 1H), 
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3.18-3.26 (m, 1H), 3.29-3.44 (m, total 8H, including s, 3H, at 5: 3.36), 3.49-3.52 (m, 1H), 3.66 (s, 3H). 

(Step 9) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-lndolylcarbonyl)amino)phenyl)acetyl)-(5R) 
methoxymethyl-(2S)-pyrrolldinylmethoxy)cyclohexanecarboxylate 

[1552] 



OMe 




CQjMe 



[1553] In DMF (5 ml), (5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetic acid (168 mg, 0.47 
mmol), methyl trans-4-((5R)-methoxymethyl-(2S)-pyn-olidinylmethoxy)cyclohexanecarooxylate (133 mg, 0.47 mmol), 
EDC HCI (134 mg, 0.70 mmol), HOBt (94 mg, 0.70 mmol), and triethylamine (100 uJ, 0.71 mmol) were stirred at room 
temperature for 20 hours. The reaction mixture was diluted with water, followed by extraction with ethyl acetate. The 
20 extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ 
ethyl acetate (1 :1 to 4:5, v/v) eluate fractions, methyl trans-4-(1 -((5-chloro-2-f luoro-4-((1 -methyl-3-indoIylcarbonyl)ami- 
no)phenyl)acetyl)-(5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (251 mg, 86%) was ob- 
tained as a pale yellow oil. 

25 1 H-NMR (CDCI 3 ) 5: 1.14-1.32 (m, 2H) , 1.40-1.53 (m, 2H), 1.85-2.10 (m, 8H), 2.23-2.32 (m, 1H), 3.20-3.25 (m, 1H), 
3.39-3.84 (m, 12H), 3.87 (s, 3H), 4.11-4.24 (m, 2H), 7.30-7.42 (m, 4H), 7.79 (s, 1H), 8.11-8.15 (m, 1H), 8.28 (s, 1H), 
8.49 (dd, J=1.5, 12.0Hz, 1H). 
MS (ESI) m/z 628.5 (M++1). 

30 (Step 1 0) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(5R)- 
methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1554] 



N ® 



Me 



[1555] Methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(5R)-methoxyme- 
thyl-(2S)-pyrrolidinylmethoxy)cyclohexanecart)oxylate (251 mg, 0.40 mmol) was dissolved in THF (3 ml). To the result- 

45 ing solution was added 0.5N NaOH (3.0 ml, 1 .50 mmol) and the resulting mixture was stirred at room temperature for 
15 hours. The reaction mixture was poured in ice-1N HCI. The crystals thus precipitated were collected by filtration 
under reduced pressure. The crude crystals were purified by chromatography on a silica gel column, whereby from 
chloroform/methanol(50:1 to 20:1, v/v) el uate fractions, the title compound (1 60 mg, 65%) was obtained as a white solid. 
1 H-NMR (DMSO-d 6 ) 5: 1 .14-1 .40 (m, 4H) , 1 .74-1 .90 (m, 8H), 2.06-2.1 7 (m, 1 H), 3.1 6-3.55 (m, 8H), 3.79-3.84 (m, 2H), 

so 3.88 (s, 3H), 3.99-4.06 (m, 1 H), 4.1 8-4.25 (m, 1 H), 7.1 8-7.28 (m, 2H), 7.40-7.43 (m, 1 H), 7.55 (d ( J=8.1 Hz 1 H), 7.66-7.69 
(m, 1H), 8.14 (d, J=8.1Hz, 1H), 8.30 (s, 1H) , 9.30 (s, 1H), 12.02 (broad s, 1H). 
MS (ESI) m/z614(M++1). 

Anal. Calcd for C3 2 H3 7 CIFN 3 0 6 : C, 62.59; H, 6.07; N, 6.84; F, 3.09; CI, 5.77. 
Found: C, 62.43; H, 6.20; N, 6.59; F, 2.93; CI, 5.47. 

55 
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Example 165 

trans-4-(1-((2-(5-Fluoro-2-methylphenylamino)-7-fluoro^^ 
pyrro!idinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(5R)- 
methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexariecarboxylate 



[1557] In DMF (5 ml), (2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid (123 mg, 0.39 mmol), 
methyl trans-4-((5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (110 mg, 0.39 mmol), EDC HCI 
(1 1 0 mg, 0.57 mmol), HOBt (78 mg, 0.58 mmol), and triethylamine (80 u.l, 0.57 mmol) were stirred at room temperature 
for 20 hours. The reaction mixture was diluted with water, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ ethyl acetate 
(1 :1, v/v) eluate fractions, methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(5R)- 
methoxymethyl-(2S)-pyrroiidinylmethoxy)cyclohexanecarboxylate (223 mg, 99%) was obtained as a pale yellow oil. 
1 H-NMR (CDCI 3 ) 6: 1 .20-1 .33 (m, 2H), 1 .40-1 .53 (m, 2H), 1 .86-2.11 (m, 8H), 2.23-2.27 (m, 1 H), 2.30 (s, 3H), 3.1 9-3.28 
(m, 1 H), 3.34-3.71 (m, total 1 0H), 3.83-3.97 (m, 2H), 4.1 9-4.25 (m, 2H), 6.72-6.76 (m, 1 H), 7.05-7.35 (m, 4H), 8.04-8.07 
(dd,J=2.4,1 0.7Hz, 1H). 
MS (ESI) m/z 586.4 (M + +1). 

(Step 2) Synthesis of trans-4-(1 -((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(5R)- 
methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1 559] Methyl trans-4- (1 -((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(5R)-methoxyme- 
thyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (223 mg, 0.38 mmol) was dissolved in THF (3 ml). To the result- 
ing solution was added 0.5N NaOH (3.0 ml, 1 .50 mmol). The resulting mixture was stirred at room temperature for 15 
hours. The reaction mixture poured in ice-1 N HCI, followed by extraction with ethyl acetate. The extract was washed 
with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent. 
The crude crystals were recrystallized from n-hexane/ethyl acetate to give the title compound (1 69 mg, 78%) as a white 
solid. 

1 H-NMR (DMSO-d 6 ) 8: 1 .13-1 .36 (m, 4H), 1 .75-1 .94 (m, 8H), 2.14 (m, 1H), 2.28 (s, 3H), 3.15-3.53 (m, 8H), 3.86-3.88 
(m, 2H), 3.90-4.02 (m, 1H), 4.21^.23 (m, 1H), 6.86-6.89 (m, 1H), 7.02-7.04 (m, 1H), 7.18-7.26 (m, 2H), 7.90-7.93 (m, 
1H). 

MS (ESI) m/z 572 (M + +1). Anal. Calcd for C^H^r^O^ C, 63.04; H, 6.17; N, 7.35; F, 6.65. 
Found: C, 63.01 ; H, 6.35; N, 6.96; F, 6.28. 



[1556] 




[1558] 
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Example 166 

trans-4-(1-((5-Chloro-2-fluoro-4-((1-methyl-3-ind 
pyrrolidinylmethoxy)cyc!ohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-inda20lylcarbonyl)amino)phenyl)acetyl) 
-(5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[1560] 



OMe 




[1561] In DMF (3 ml), (5-chloro-2-fluoro-4-((1-methyl-3-indazolyIcartDonyl)amino)phenyl)acetic acid (56 mg, 0.15 
20 mmol), methyl trans-4-((5R)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (60 mg, 0.15 mmol), 
EDC HCI (45 mg, 0.23 mmol), HOBt (32 mg, 0.24 mmol), and triethylamine (33 0.24 mmol) were stirred at room 
temperature for 2 days. The reaction mixture was diluted with water, followed by extraction with ethyl acetate. The 
extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure 
to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform/ 
25 methanol (40:1, v/v) eluate fractions, methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indazolylcarbonyl)amino) 
phenyl)acetyl)-(5R)-methoxymethyl-(2S)-pyrroIidinylmethoxy)cyclohexanecarboxylate (101 mg, 100%) was obtained 
as a colorless oil. 

1 H-NMR (CDCI 3 ) 6: 1.21-1.32 (m, 2H), 1.41-1.53 (m, 2H), 1.85-2.05 (m, 8H), 2.23-2.32 (m, 1H), 3.20-3.25 (m, 1H), 
3.35-3.84 (m, 12H), 4.13-4.26 (m, total 5H, including s, 3H at 8: 4.16), 7.31-7.39 (m, 2H), 7.44-7.49 (m, 2H), 8.39 (d, 
30 J=8.3Hz, 1H), 8.51 (d, J=11.7Hz, 1H), 9.49 (s, 1H). 

(Step 2) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indazolylcaroonyl)amino)phenyl)acetyl)-(5R)- 
methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

35 [1562] 



OMe 

n-n H a 

Me 

45 [1563] Methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indazolylcarbonyl)amino)phenyl)acetyl)-(5R)-meth- 
oxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (101 mg, 0.16 mmol) was dissolved in THF (2 ml). To the 
resulting solution was added 0.5N NaOH (1 .0 ml, 0.50 mmol) and the mixture was stirred at room temperature for 15 
hours. The reaction mixture was poured in ice-1N HCI, followed by extraction with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 

so the solvent. The residue was purified by chromatography on a silica gel column, whereby from chloroform/methanol 
(40:1 , v/v) eluate fractions, the title compound (78 mg, 79%) was obtained as a white solid. 

1 H-NMR (DMSO-d 6 ) 5: 1.11-1 .48 (m, 4H), 1 .74-2.01 (m, 8H) , 2.14-2.1 7 (m, 1 H), 3.1 6-3.55 (m, 8H), 3.80-3.89 (m, 2H), 
3.97-4.07 (m, 1H), 4.17-4.26 (m, total 4H, including s, 3H at 8: 4.21), 7.34-7.38 (m, 1H), 7.45-7.48 (m, 1H), 7.51-7.55 
(m, 1H), 7.81 (d, J=8.6Hz, 1H), 8.03-8.07 (m, 1H), 8.20 (d, J=8. 3Hz, 1H), 9.71 (s, 1H), 12.06 (broad s, 1H). 
55 MS (LC) m/z 614.8 (M++1), 613.6 (M+-1) 

Anal. Calcd for Ca^CIFIM^: C, 60.53; H, 5.90; N, 9.11; F, 3.09; CI, 5.76. 
Found: C, 60.56; H, 5.97; N, 8.71; F, 3.07; CI, 5.70. 
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Example 167 

trans-4-(1-((2-(5-Fluoro-2-methylphenylamino)^^ 
pyrrolidinylmethoxyjcyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-((2-(5-fluoro-2-methyiphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-{5S)* 
methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[1564] 



15 




[1565] In DMF (10 ml) were dissolved (2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetic acid (228 
20 mg,0.71 mmol), methyl trans-4-((5S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate(186mg,0.65 
mmol) and EDC-HCI(163 mg, 0.85 mmol). To the resulting solution was added HOBt (26.0 mg, 0.20 mmol), and the 
resulting mixture was stirred at room temperature for 1 8 hours. The reaction mixture was poured in water, followed by 
extraction with ethyl acetate. The extract was washed with water (three times), dried over anhydrous sodium sulfate, 
and distilled under reduced pressure to remove the solvent. The residue was purified by column chromatography using 
25 a silica gel thin-layer plate (TLC), whereby from hexane-ethyl acetate (1/3) eluate fractions, methyl trans-4-(1- 
((2-(5-fluoro-2-methylphenylamino)-7-fluo 

cyclohexanecarboxylate (331 mg, 87%) was obtained as a colorless amorphous substance. 

1 H-NMR (CDCI 3 ), mixture of rotamars, 6: 1.12-2.32 (series of m, 12H), 2.31 and 2.32 (s, total 3H), 3.11-4.25 (series 
of m, 1 0H), 3.30, 3.31 and 3.39 (s, total 3H), 3.63 and 3.67 (s, total 3H), 6.73-6.78 (m, 1 H), 7.1 1 -7.1 6 (m, 2H), 7.23-7.27 
30 (m,2H), 8.07-8.12 (m, 1H). 
MS (ESI) m/z 586 (M + +1). 

(Step 2) Synthesis of trans-4-(1 -((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(5S)- 
methoxymethyl-(2S)-pyrrolidinylmethoxy)cycIohexanecarboxylic acid 

35 

[1566] 

p OMe 

45 [1567] Methyl trans-4-(1-((2-(5-fluoro-2-methylphenylamino)-7-fluoro-6-benzoxazolyl)acetyl)-(5S)-methoxyme- 
thyl-(2S)-pyrrolidiny!methoxy)cyclohexanecarboxylate (313 mg, 0.53 mmol) was dissolved in THF/methanol (1/1, 20 
ml). To the resulting solution was added aqueous 0.25N NaOH (12.8 ml, 3.20 mmol) and the resulting mixture was 
stirred at room temperature for 18 hours. The reaction mixture was poured in 1 N HCI, followed by extraction with a 
chloroforrn/methanol mixture (1 0/1 ). The extract was dried over anhydrous sodium sulfate, and distilled under reduced 

so pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby from 
chloroforrn/methanol (15/1) eluate fractions, the title compound (288 mg, 94%) was obtained as a colorless amorphous 
substance. 

1 H-NMR (CDCI3), mixture of rotamars, 5: 1 .10-2.26 (series of m, 12H), 2.29 and 2.31 (s, total 3H), 3.07-4.28 (series 
of m, 11 H), 2.29 and 3.31 (s, total 3H), 7.30-7.35 (m, 2H), 6.76 (dt t J=2.0,8.0Hz, 1H), 7.11-7.21 (series of m, 3H), 
55 7.11-7.21 (series of m, 3H), 7.82 and 7.90 (d, J=6.4Hz, total 1H). 
MS (ESI) m/z 571 (M + +1); 

Anal, calcd for C^H^IS^Oe: C, 63.04; H, 6.17; N, 7.35. 
Found :C, 63.29; H, 6.32; N, 7.35. 
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Example 168 

trans-4-(1-((5-Chloro-2-fluoro-4-((1-methyl-3-inda20lyl) carbonyl)aminophenyl)acetyl)-(5S)-methoxymethyl-(2S)- 
pyrrolidinylmethoxy)cyc!ohexanecarboxylic acid: 

(Step 1) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-inda2olyl)carbonyl)aminophenyl)acetyl) 
-(5S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[1568] 



OMo 



15 




Me 



20 [1569] In DMF (10 ml), HOBt (29.0 mg, 0.21 mmol) was added to (5-chloro-2-fluoro-4- ((1-methyl-3-lndazolyl)carb- 
onyl)aminophenyl)acetic acid (280 mg, 0.78 mmol), methyl trans-4-((5S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cy- 
clohexanecarboxylate (201 mg, 0.70 mmol) and EDC-HCI (175 mg, 0.92 mmol) and the resulting mixture was stirred 
at room temperature for 18 hours. The reaction mixture was poured in water, followed by extraction with ethyl acetate. 
The extract was washed with water (three times), dried over anhydrous sodium sulfate, and distilled under reduced 

25 pressure to remove the solvent. The residue was purified by chromatography using a silica gel thin-layer plate (TLC), 
whereby from hexane/ethyl acetate (1/5) eluate fractions, methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-inda- 
zolyl)caroonyl)aminophenyl)acetyl)-(5S)-methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (322 mg, 
73%) was obtained as a colorless amorphous substance. 

1 H-MMR (CDCI 3 ), mixture of rotamars, 8: 1.10-2.30 (series of m, 12H), 3.13-4.25 (series of m, 10H), 3.33 and 3.37 (s, 
30 total 3H), 3.61 and 3.67 (s, total 3H), 4.18 (s, 3H), 7.33-7.37 (m, 1H), 7.43-7.51 (m, 3H), 8.40 (d, J=B.0Hz, 1H), 8.50 
and 8.53 (d, J=12.0Hz, total 1H), 9.50 (s, 1H). 
MS(ESI)m/z629 (M + +1). 

(Step 2) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-((1-methyl-3-indazolyl)carbonyl)aminophenyl)acetyl)-(5S)- 
35 methoxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1570] 




Me 



[1571] Methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indazolyl)carbonyl)aminophenyl)acetyl)-(5S)-meth- 
oxymethyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (305 mg, 0.49 mmol) was dissolved in THF/ methanol 

so (1/1 , 20 ml). To the resulting solution was added 0.25N NaOH (11.6 ml, 2.91 mmol) and the mixture was stirred at room 
temperature for 1 8 hours. The reaction mixture was poured in 1 N HCI, followed by extraction with a chloroform/ methanol 
mixture (10/ 1 ). The extract was dried over anhydrous sodium sulfate, and distilled under reduced pressure to remove 
the solvent. The residue was purified by chromatography on a silica gel column, whereby from chlorofomVmethanol 
(15/1) eluate fractions, the title compound (311 mg, 100%) was obtained as a colorless amorphous substance. 

55 1 H-NMR (CDCI3), mixture of rotamars, S: 1.10-2.35 (series of m, 12H), 3.14-4.26 (series of m, 12H), 3.32 and 3.37 (s, 
total 3H), 8.37-8.40 (m, 1H), , 8.49 and 8.52 (s, total 1H), 9.50 (s, 1H). 
MS (ESI)m/z615(M + +1); 

Anal, calcd for 03^0! FN 4 O e : C, 60.53; H, 5.90; N, 9.11 . 
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Found : C, 60.67; H, 6.07; N, 8.80. 
Example 1 69 

5 trans-4-(1-((5-Chloro-2-fluoro-4-((1-methyl-3^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of N-benzyloxycaroonyl-(2R)-tert-butyld^ 

10 [1572] 



OMe 

.ores 

15 >^ 

Z 



[1573] In DMF (10 mi), methyl iodide (0.53 ml, 8.51 mmol) was added to N-benzyloxycanbonyl-(2R)-tert-butyldimeth- 
ylsilyloxymethyl-(3S)-hydroxypyrrolidine (2.60 g, 7.11 mmol) and sodium hydride (0.34 g, 14.2 mmol) under stirring at 

20 o°C. The reaction mixture was stirred further at the same temperature for 13 hours. Water was added to the reaction 
mixture, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous 
sodium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chromatog- 
raphy on a silica gel column, whereby from n-hexane/ ethyl acetate (6:1, v/v) eluate fractions, N-benzyloxycarbo- 
nyl-(2R)-tert-butyldimethylsilyloxymethyl-(3S)-methoxypyrrolldine (2.73 g, 100%) as a colorless oil. 

25 1 H-NMR (CDCI 3 ) 6: 0.05 (s, 6H), 0.90 and 0.93 (each s, total 9H), 2.02-2.08 (m, 2H), 3.35-3.37 (each s, total 3H), 
3.41-3.64 (m, 3H), 3.75-3.98 (m, 3H), 5.08-5.27 (m, 2H), 7.32-7.40 (m, 5H). 

(Step 2) Synthesis of N-benzyloxycarbonyl-(3S)-methoxy-(2R)-pyrrolidinemethanol 

30 [1574] 

OMe 

i 

[1575] In THF (15 ml) was dissolved N-benzy!oxycarbonyl-(2R)-tert-butyldimethylsilyloxymethyl-(3S)-methoxypyr- 
rolidine (2.73 g, 7.19 mmol) . To the resulting solution was added tetrabutylammonium fluoride (TBAF) (a 1M THF 

40 solution, 14.4 ml, 14.4 mmol) under stirring at 0°C. The reaction mixture was stirred further at room temperature for 
1 8 hours. The reaction mixture was concentrated under reduced pressure. To the residue was added 1 N HCI, followed 
by extraction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, 
and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 
gel column, whereby from chloroform/methanol (20:1 , v/v) eluate fractions, N-benzyloxycarbonyl- (35) -methoxy-(2R)- 

45 pyrrolidinemethanol (2.01 g, 100%) was obtained as a colorless oil.. 

1 H-NMR (CDCI3) 5: 1.98 (m, 2H), 3.34 (s, 3H), 3.41-3.74 (m, 5H), 3.88 and 4.01 (each m, total 1H), 5.14 (s, 2H), 

7.30-7.36 (m, 5H). 

MS (ESI) m/z 265.9 (M++1). 

so (Step 3) Synthesis of methyl 4-((3S)-methoxy-(2R)-pyrrolidinylmethoxy)benzoate 

[1576] 

55 ,CMe 
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[1577] In THF (20 ml), DIAD (1 .69 ml, 8.58 mmol) was added to N-benzyloxycaroonyl-(3S)-methoxy-(2R)-pyrrolid- 
Inemethanol (1 .90 g, 7.16 mmol), methyl 4-hydroxybenzoate (1 .20 g, 7.89 mmol) and triphenylphosphine (2.25 g, 8.58 
mmol) and the resulting mixture was heated under reflux for 12 hours. After cooling to room temperature, the reaction 
mixture was distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on 

5 a silica gel column, whereby from n-hexane/ethyl acetate (1:1, v/v) eluate fractions, methyl 4-(N-benzyloxycarbo- 
nyl-(3S)-methoxy-(2R)-pyrrolidinylmethoxy)benzoate was obtained. The resulting compound was dissolved in metha- 
nol (50 ml), followed by the addition of 10% palladium-carbon (1.50 g). The mixture was subjected to catalytic hydro- 
genation for 20 hours under normal pressure. From the reaction mixture, the catalyst was filtered off and the filtrate 
was distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 

10 gel column, whereby from chloroform/methanol (30:1 , v/v) eluate fractions, methyl 4-((3S)-methoxy-(2R)-pyrrolidinyl- 
methoxy)benzoate (1 .39 g, 73% for 2 steps) was obtained as a brown oil. 

1 H-NMR (CDCl 3 ) 5: 1.87-2.01 (m, 2H) , 3.03-3.18 (m, 2H), 3.35 (s, 3H), 3.43-3.47 (m, 1H), 3.79-3.82 (m, 1H), 3.89 (s, 
3H), 3.95-4.02 (m, 2H), 6.91-6.93 (m, 2H), 7.97-8.00 (m, 2H). 

15 (Step 4) Synthesis of methyl 4-(N-tert-butoxycarbonyl-(3S)-methoxy-(2R)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 

[1578] 

20 



OMe 




25 

[1579] Methyl 4-((3S)-methoxy-(2R)-pyrrolidinylmethoxy)benzoate (1 .39 g, 5.24 mmol) was dissolved in methanol/ 
acetic acid (22 ml, 10:1 , v/v). To the resulting solution was added rhodium/alumina (0.55 g) and the mixture was sub- 
jected to catalytic hydrogenation for 2 days under a hydrogen gas of 10 atom. From the reaction mixture, the catalyst 
was filtered off and the filtrate was distilled under reduced pressure to remove the solvent. The residue was dissolved 

30 into chloroform. The resulting solution was washed with a saturated aqueous solution of sodium bicarbonate, dried 
over anhydrous sodium sulfate, and distilled under reduced pressure to remove the solvent to give methyl 4-( (3S)- 
methoxy-(2R)-pyrrolidinylmethoxy)cyclohexanecarboxylate (1 .42 g). The resulting product (1 .42 g), di-tert-butyl dicar- 
bonate(1 .26 g, 5.77 mmol), andDMAP (0.06 g, 0.49 mmol) were stirred at room temperature for 20 hours in acetonitrile 
(20 ml). From the reaction mixture, the solvent was distilled off under reduced pressure. The residue was purified by 

35 chromatography on a silica gel column, whereby from n-hexane/ ethyl acetate (4: 1 to 3: 1 , v/v) eluate fractions, methyl 
4-(N-tert-butoxycarbonyl-(3S)-methoxy-(2R)-pyrrolidinylmethoxy) cyclohexanecarboxylate (1 .67 g, 86% for 2 steps) 
was obtained as a pale yellow oil. 
MS (ESI) m/z 372 (M++1). 

40 (Step 5) Synthesis of methyl trans-4-((3S)-methoxy-(2R)-pyrrolidinylmethoxy)cyclohexanecarboxylate 
[1580] 



45 OMb 

50 [1581] Methyl 4-(N-tert-butoxycarbonyl-(3S)-methoxy-(2R)-pyrrolidinylmethoxy) cyclohexanecarboxylate (1.67 g, 
4.50 mmol) was dissolved in methanol (15 ml). To the resulting solution was added sodium methoxide (0.73 g, 13.5 
mmol) The resulting mixture was heated under reflux for 24 hours. After cooling to room temperature, the reaction 
mixture was concentrated under reduced pressure. The residue was acidified with 1N HCI, followed by extraction with 
ethyl acetate. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and distilled under 

55 reduced pressure to remove the solvent. The residue was dissolved in methanol/benzene (20 ml, 1 :4, v/v), followed 
by the addition of trimethylsilyldiazomethane (a 2.0M hexane solution, 1 .10 ml, 1 .10 mmol). The resulting mixture was 
stirred further at room temperature for 2 hours. From the reaction mixture, the solvent was distilled off under reduced 
pressure. The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate 
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(2:1 , v/v) eluate fractions, methyl trans-4-(N-tert-butoxycarbonyl-(3S)-methoxy-(2R)-pyi^ 

carboxylate was obtained as a colorless oil. The resulting compound (60 g) was dissolved in methylene chloride (3 
ml). To the resulting solution was added trifluoroacetic acid (3 ml). The resulting mixture was stirred at room temperature 
for 1 hour. The reaction mixture was made basic with a saturated aqueous solution of sodium bicarbonate, followed 
by extraction with chloroform. The extract was washed with saturated brine, dried over anhydrous sodium sulfate, and 
distilled under reduced pressure to remove the solvent, whereby methyl trans-4-((3S)-methoxy-(2R)-pyrrolidinylmeth- 
oxy)cyclohexanecarboxylate (40 mg, 3% for 3 steps) was obtained as a brown oil. 

1 H-NMR (CDCI 3 ) 8: 1.21-1.29 (m, 2H) , 1.42-1.52 (m, 2H), 1.72-2.08 (m, 6H), 2.23-2.31 (m, 1H), 2.99-3.02 (m, 2H), 
3.15-3.51 (m, total 8H, including s, 3H, at 8: 3.31), 3.64-3.66 (m, total 4H, including s, 3H, at 8: 3.66). 

(Step 6) Synthesis of methyl trans-4-(1-((5<hloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(3S)- 
methoxy-(2R)-pyrrolidinylmethoxy)cyclohexanecarboxylate 

[1582] 




Me 

[1583] In DMF (3 ml), (5-chloro-2-fluoro-4-((1-methyt-3-indolylcarbonyl)amino)phenyl)acetic acid (53 mg, 0.15 
mmol), methyl trans-4-((3S)-methoxy-(2R)-pyrrolidinyImethoxy)cyclohexanecarboxylate (40 mg, 0.15 mmol), EDC HCI 
(42 mg, 0.22 mmol), HOBt (30 mg, 0.22 mmol), and triethylamine (31 uJ, 0.22 mmol) were stirred at room temperature 
for 3 hours. The reaction mixture was poured into water. The crystals thus precipitated were collected by filtration under 
reduced pressure. The crude crystals were purified by chromatography on a silica gel column, whereby from chloroform/ 
methanol (60:1, v/v) eluate fractions, methyl trans-4-(1-((S-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phe- 
nyl)acetyl)-(3S)-methoxy-(2R)-pyrrolidinylmethoxy)cyclohexanecarboxylate (70 mg, 77%) was obtained as a colorless 
oil. 

1 H-NMR (CDCI3) 8: 1.12-1.26 (m, 2H), 1.38-1.52 (m, 2H), 1.94-2.07 (m, 5H), 2.16-2.28 (m, 2H), 3.17-3.24 (m, 1H) , 
3.33 (s, 3H), 3.44-3.74 (m, total 9H, including s, 3H r at 8: 3.62), 3.84-3.89 (m, 1H), 4.17 (s, 3H), 4.22-4.25 (m, 1H), 
7.31-7.49 (m, 4H), 8.38 (d, J=8.1Hz, 1H) f 8.51 (d, J=11.8Hz. 1H), 9.49 (s, 1H). 
MS (ESI) m/z 614.8 (M + +1). 

(Step 7) Synthesis of trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(3S)- 
methoxy-(2R)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1584] 

CO,H 

N-N CI 

Me 



[1585] Methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(3S)-methoxy- 
(2R)-pyrrolidinylmethoxy)cyclohexanecarboxylate (70 mg, 0.11 mmol) was dissolved in THF (1 .5 ml). To the resulting 
solution was added 0.25N NaOH (1 .4 ml, 0.35 mmol) and the mixture was stirred at room temperature for 2 hours. The 
reaction mixture was poured in ice-1N HCI. The crystals thus precipitated were collected by filtration under reduced 
pressure, washed with water and dried under reduced pressure to give the title compound (57 mg, 83%) as a white solid, 
1 H-NMR (CDCI3) 8: 1 .13-1 .37 (m, 4H), 1 .85-2.1 8 (m, 7H), 3.15-3.84 (m, 11H), 3.95-3.96 and 4.11-4.14 (each m, total 
1 H), 4.22 (s, 3H), 7.35-7.39 (m, 1 H), 7.50-7.56 (m, 2H), 7.82 (d, J=8.6Hz, 1 H) , 8.07 (d, J=11 .3Hz, 1 H), 8.21 (d, J=8.3Hz, 
1H), 9.72 (s, 1H), 12.10 (broad s, 1H). 
MS (LC) m/z 600.8 (M + +1), 599.4 (M + -1); 

Anal. Calcd for Ca^CIF^C^: C, 59.95; H, 5.70; N, 9.32; F, 3.16; CI, 5.90. 
Found: C, 59.71; H, 5.85; N, 8.89; F, 3.00; CI, 5.88. 
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Example 1 70 



trans-4-(1-(2,5-Dichloro-4-((1-methyl-1H-3-indolyto^ 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 



5 



(Step 1) Synthesis of trans-4-(1-(2,5-dichloro-4-((1 -methyl- 1 H-3-indolylcarbony l)ami no)phenylacetyl)-(4S)- 
methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 



[1586] 



w 



15 




[1587] In DMF (2 ml) was dissolved methyl trans-4-(N-tert-butoxycarbonyl-(4S)-methoxy-(2S)-pyrrolidinylmethoxy) 

20 cyclohexanecarboxylate (100 mg, 0.37 mmol). To the resulting solution were added (2, 5-dichtoro-4-((1-methyl-1H- 
3-indolylcarbonyl)amino)phenyl)acetic acid (140 mg, 0.37 mmol), HOBt (95 mg, 0.70 mmol), DMAP (catalytic amount) 
and EDC-HCI salt (107 mg, 0.56 mmol). The resulting mixture was stirred at room temperature for 18 hours. The 
reaction mixture was poured in 1 M HCI, followed by extraction with ethyl acetate three times. The extract was washed 
with saturated brine, dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the 

25 solvent. The residue was purified by silica gel column chromatography (middle pressure Yamazen, chloroform/ meth- 
anol 10:0 to 97:3, 20 ml/min, c|) 50 mm x 150 mm). The purified ester was dissolved in THF (4 ml) and to the resulting 
solution was added 0.25M NaOH (2.4 ml, 0.61 mmol). The resulting mixture was stirred for 18 hours at room temper- 
ature. From the reaction mixture, the solvent was distilled off under reduced pressure. The residue was crystallized by 
the addition of 1 M HCI. The crystals thus precipitated were collected by filtration under reduced pressure, washed with 

30 water and dried under reduced pressure to give the title compound (150 mg, 66%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 8: 1.10-1.40 (m, 4H), 1.80-2.20 (m, 8H), 3.15-4.30 (m, 8H), 3.28 (s, 3H), 3.90 (s, 3H), 7.21 (t, 
J=7.5Hz, 1H), 7.28 (t, J=7.5Hz, 1H), 7.50 (d, J=15.2Hz, 1H), 7.56 (d, J=8.3Hz, 1H), 7.88 (d, J=4.1Hz, 1H), 8.15 (d, 
J=8.0Hz, 1H), 8.31 (s, 1H), 9.39 (s, 1H). 
MS (ESI) m/z 617 (M+1)+; 

35 Anal. Calcd for C3 1 H 35 Cl2N 3 O 6 .0.5H 2 O: C, 59.52; H, 5.80; N. 6.72. 
Found: C, 59.36; H, 5.72; N, 6.68. 



40 trans-4-(1-(5-Chloro-2-fluoro-4-((3-benzo(d)isothiazolylcarbonyl)amino)pheny!acetyl)-(4S)-methoxy-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1 ) Synthesis of trans-4-(1 -(5-chioro-2-fluoro-4-((3-benzo(d)isothiazolylcart3onyl)amino)phenylacetyl)-(4S)- 
methoxy-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

45 



[1589] In DMF (2 ml) was dissolved methyl trans-4-(N-tert-butoxycarbonyl-(4S)-methoxy-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate (100 mg, 0.37 mmol). To the resulting solution were added (3-benzo(d)isothiazolylcarbonyl) 
amino)phenylacetic acid (135 mg, 0.37 mmol), HOBt (95 mg, 0.70 mmol), DMAP (catalytic amount) and EDC-HCI salt 



Example 171 



[1588] 



50 




55 
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(107 mg, 0.56 mmol). The resulting mixture was stirred at room temperature for 18 hours. The reaction mixture was 
poured in 1 M HCI, followed by extraction with ethyl acetate three times. The extract was washed with saturated brine, 
dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 
purified by silica gel column chromatography (middle pressure Yamazen, chloroform/methanol 1 0:0 to 97:3, 20 ml/min, 

5 4> 50 mm x 150 mm). The purified ester was dissolved in THF (4 ml) and to the resulting solution was added 0.25M 
NaOH (2.4 ml, 0.61 mmol). After stirring for 18 hours at room temperature, the reaction mixture was distilled under 
reduced pressure to remove the solvent. The residue was crystallized by the addition of 1M HCI. The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure 
to give the title compound (150 mg, 67%) as a colorless solid. 

10 1 H-NMR (DMSO-d 6 ) 8: 1.10-1.40 (m, 4H), 1 .80-2.20 (m, 8H), 3.15-4.30 (m, BH), 3.28 (s, 3H), 7.51 (dd, J=7.0Hz, 1H), 
7.66 (t, J=7.5Hz, 1 H), 7.73 (t, J=7.5Hz, 1 H), 7.95 (dd, J=6.0,1 0.6Hz, 1 H), 8.38 (d, J=8. 1 Hz, 1 H), 8.81 (d, J=8.3Hz, 1 H) , 
10.30 (s, 1H) 12.05 (s, 1H). 
MS (ESI) m/z 605 (M+1) + ; 

Anal. CalcdforC 29 H 31 CIFN 3 O 6 S-0.5H 2 O: C, 56.81 ; H, 5.26; N, 6.85. 
15 Found: C, 56.78; H, 5.15; N, 6.86 



trans-4-(1-(5-Chloro-2-fluoro-4-((3-benzo(d)isothiazolylcarbonyl)amino)phenylacetyl)-(4S)-methoxy-(2S)- 
20 pyrrolidinylmethoxy)cyclohexanecarboxylic acid: 

(Step 1) Synthesis of trans-4-(1-(5-chloro-2-fluoro-4-((3-benzo (d)isothiazotylcarbonyl)amino)phenylacetyl)-(4S)- 
methoxy-(2S)-pyrro!idinylmethoxy) cyclohexanecarboxylic acid 



[1591] In DMF (2 ml) was dissolved methyl trans-4-(N-tert-butoxycarbonyl-(4S)-methoxy-(2S)-pyrrolidinylmethoxy) 

35 cyclohexanecarboxylate (1 00 mg, 0.37 mmol). To the resulting solution were added ((3-benzo(d)isothiazolylcarbonyl) 
amino)phenylacetic acid (135 mg, 0.37 mmol), HOBt (95 mg, 0.70 mmol), DMAP (catalytic amount) and EDC-HCl salt 
(107 mg, 0.56 mmol). The resulting mixture was stirred at room temperature for 18 hours. The reaction mixture was 
poured in 1 M HCI, followed by extraction with ethyl acetate three times. The extract was washed with saturated brine, 
dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. The residue was 

40 purified by silica gel column chromatography (middle pressure Yamazen, chloroform/methanol 1 0:0 to 97:3, 20 ml/min, 
<(> 50 mm x 150 mm). The purified ester was dissolved in THF (4 ml) and to the resulting solution was added 0.25M 
NaOH (2.4 ml, 0.61 mmol). After stirring for 18 hours at room temperature, the reaction mixture was distilled under 
reduced pressure to remove the solvent. The residue was crystallized by the addition of 1M HCI. The crystals thus 
precipitated were collected by filtration under reduced pressure, washed with water and dried under reduced pressure 

45 to give the title compound (1 50 mg, 67%) as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 6: 1.10-1.40 (m, 4H), 1 .80-2.20 (m, 8H), 3.15-4.30 (m, 8H), 3.28 (s, 3H), 7.51 (dd, J=7.0Hz, 1H), 
7.66 (t, J=7.5Hz, 1H), 7.73 (t, J=7.5Hz, 1H), 7.95 (dd, J=6.0,10.6HZ, 1H) t 8.38 (d, J=8.1Hz, 1H), 8.81 (d, J=8.3Hz, 
1H), 10.30 (S,1H), 12.05 (s, 1H). 
MS (ESI) m/z 605 (M+1)+; 

50 Anal. Calcd for C 29 H 31 CIFN 3 O 6 S-0. 5H 2 0: C.56.81 ; H, 5.26; N, 6.85. 
Found: C, 56.78; H, 5.15; N, 6.86 
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Example 172 

trans-4-(1-((5-Chloro-2-fluoro-4-(3-indazolylcart^ 
cyclohexanecarboxylic acid: 

(Step 1) Synthesis of methyl 1-(4-methoxybenzyl)-3-indazofylcarboxylate 
[1592] 




[1593] Methyl 3-indazolylcarboxylate (2.0 g, 11 .4 mmol) was dissolved in DMF (20 ml). To the resulting solution were 
added 4-methoxy benzyl chloride (1.7 ml, 12.5 mmol) and potassium carbonate (2.35 g, 17.0 mmol). The resulting 
mixture was stirred at 80°C for 15 hours. After cooling, the reaction mixture was poured in water (50 ml), followed by 

20 extraction with ethyl acetate (200 ml). The extract was washed with saturated brine (2 x 1 00 ml), dried over anhydrous 
magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified by chroma- 
tography on a silica gel column, whereby from hexane-ethyl acetate (4:1) eluate fractions, methyl 1 -(4-methoxybenzyl)- 
3-indazolylcarboxylate (polar fractions, 838 mg, 25%) was obtained as a pale yellow oil and 2(4-methoxybenzyl) isomer 
(non-polar fractions, 500 mg, 15%) was obtained as a pale yellow oil. 

25 1H-NMR (CDCI 3 ) 8: 3.76 (s, 3H), 4.05 (s, 3H), 5.64 (s, 2H), 6.82 (d, J=8.5Hz, 2H), 7.20 (d, J=8.5Hz, 2H), 7.30 (dd, 
J=8.1, 4.2Hz, 1H), 7.36-7.37 (m, 2H), 8.23 (dd, J=8.1 ,1.0Hz, 1H). 
MS (ESI) m/z297 (M + +1). 

(Step 2) Synthesis of 1-(4-methoxybenzyl)-3-indazolylcarboxylic acid 

30 

[1594] 



35 




I 

PMB 



40 [1595] Methyl 1-(4-methoxybenzyl)-3-indazolylcarboxylate (830 mg, 2.80 mmol) was dissolved in THF (22 ml). To 
the resulting solution was added 0.25N NaOH (22 ml, 5.60 mmol). The resulting mixture was stirred for 15 hours at 
room temperature. The reaction mixture was poured in 1N HCI (50 ml), followed by extraction with chloroform (2 x 
1 00 ml). The extract was dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the 
solvent. 

45 The residue was dissolved in chloroform and hexane was added to the resulting solution until precipitation appeared. 

The crystals thus precipitated were collected by filtration under reduced pressure and dried for 12 hours under reduced 

pressure to give 1 -(4-methoxybenzyl)-3-indazolylcarboxylic acid (630 mg, 80%) as a colorless amorphous substance. 

1 H-NMR (DMSO-d 6 ) 5: 3.70 (s, 3H), 5.69 (s, 2H), 6.88 (d, J=8.8Hz, 2H), 7.26 (d, J=8.8Hz, 2H), 7.29-7.32 (m, 1H), 

7.43-7.48 (m, 1H), 7.84 (d, J=8.6Hz, 1H), 8.08 (d, J=8.6Hz, 1H), 13.06 (br s, 1H). 
so MS(ESI)m/z283(M + +1). 
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(Step 3) Synthesis of ethyl (5^hloro-2-fluoro^-(1-(4-methoxybenzyl)-3-indazolylcarbonylamino)pheny!)acetate 




[1597] In methylene chloride (10 ml) was dissolved 1-(4-methoxybenzyl)-3-indazorylcarboxylic acid (630 mg, 2.23 
mmol). To the resulting solution were added oxalyl chloride (292 3.53 mmol) and DMF (1 drop). The resulting mixture 

15 was stirred until the mixture became uniform. From the reaction mixture, the solvent was distilled off under reduced 
pressure. The residue was dissolved in methylene chloride (20 ml). Ethyl (4-amino-5-chloro-2-fluorophenyl)acetate 
(51 7 mg, 2.23 mmol) and triethylamine (621 jxl, 4.46 mmol) were added to the resulting solution. The resulting mixture 
was heated under reflux for 15 hours. After cooling, the reaction mixture was added with water (50 ml), followed by 
extraction with chloroform (200 ml). The extract was dried over anhydrous magnesium sulfate and distilled under re- 

20 duced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from hexane-ethyl acetate (4:1) eluate fractions, ethyl (5-chloro-2-fluoro-4-(1-(4-methoxybenzyl)-3-indazolylcarbo- 
nylamino)phenyl)acetate (881 mg, 80%) was obtained as a pale yellow amorphous substance. 
1 H-NMR (CDCI 3 ) 5: 1.27 (t, J=7.1H2, 3H), 3.62 (s, 2H), 3.77 (s, 3H) , 4.19 (q, J=7.1H, 2H), 5.59 (s, 2H), 6.85 (d, 
J=8.8Hz, 2H), 7.22 (d, J=8.8Hz, 2H), 7.24-7.42 (m, 4H), 8.39 (d, J=8.1Hz, 1H), 8.54 (d, J=11.7Hz, 1H), 9,56 (s, 1H) . 

25 MS(ESI)m/z496(M + +1). 

(Step 4) Synthesis of ethyl (5-chloro-2-fluoro-4-(3-indazolyIcarbonylamino)phenyl)acetate 
[1598] 

30 



F 



35 




[1 599] A mixture of anisole (288 nl, 2.66 mmol) , trifluoroacetic acid (1 0 ml), and ethyl (5-chloro-2-f luoro-4-(1 -(4-meth- 
40 oxybenzyl)-3-indazolylcarbonylamino)phenyl)acetate (880 mg, 1 .77 mmol) was heated under reflux for 15 hours. After 

cooling, the reaction mixture was distilled under reduced pressure to remove the solvent. Water (50 ml) was added to 

the residue. The crystals thus precipitated were collected by filtration under reduced pressure and washed with water. 

The crude crystals thus obtained were recrystallized from chloroform-methanol, whereby ethyl (5-chloro-2-fluoro- 

4-(3-indazoly!carbonyIamino)phenyl)acetate (531 mg, 80%) was obtained as a colorless crystalline powder. 
45 1H-NMR (DMSO-d 6 ) 8: 1.20 (t, J=7.1Hz, 3H), 3.75 (s, 2H) , 4.12 (q, J=7.1Hz, 2H), 7.34 (t, J=7.8Hz, 1H) , 7.49 (dt, 

3=8.1, 1.0Hz, 1H), 7.63 (d, J=7.8Hz, 1H), 7.71 (d, J=8.1Hz, 1H), 8.16 (d, J=1 1.5Hz, 1H), 8.21 (d, J=8.1Hz, 1H), 9.79 

(s,1H). 

MS (ESI) m/z 376 (M++1). 

50 
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(Step 5) Synthesis of (5-chloro-2-fluoro-4-(3-indazolylcarbonylamino)phenyl)acetic acid 



[1600] 



5 



F 



10 




CO,H 



[1601] Ethyl (5-chloro-2-fluoro-4-(3-indazolylcait)onylamjno)phenyl)acetate (531 mg, 1.41 mmol) was dissolved in 
methanol (50 ml). To the resulting solution was added 0.25N NaOH (12 ml, 3 mmol). The resulting mixture was stirred 
15 at room temperature for 15 hours. The reaction mixture was poured in 1N HCI (100 ml). The crystals thus precipitated 
were collected by filtration under reduced pressure, washed with water and dried under reduced pressure for 15 hours 
to give (5-chloro-2-f luoro-4-(3-indazolylcaroonylamino)phenyl)acetic acid (480 mg, 98%) as a colorless crystalline pow- 
der. 

1 H-NMR (DMSO-d 6 ) 5: 3.63 (s, 2H), 7.34 (t, J=7.6Hz, 1H), 7.49 (t, J=7.6Hz, 1H), 7.62 (m, 1H), 7.72 (d, J=8.3Hz, 1H), 
20 8.13 (d, J=11.2Hz, 1H), 8.21 (d, J=8.1Hz, 1H), 9.79 (s, 1H), 13.96 (brs, 1H). 

(Step 6) Synthesis of methyl trans-4-(1 -((5-chloro-2-fluoro-4-(3-indazolylcarbonylamino)phenyl)acetyl)-(4S)- 
fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



35 [1603] In DMF (10 ml) were dissolved (5-chloro-2-fluoro-4-(3-indazolylcarbonylamino)phenyl)acetic acid (300 mg, 
0.863 mmol) and methyl trans-4-((4S)-fluoro-(2S)-pyrrolidinylmethoxy) cyclohexanecarboxylate (the compound syn- 
thesized in (Step 3) of Example 21) (224 mg, 0.863 mmol). To the resulting solution were added EDC HCI (248 mg, 
1.29 mmol), HOBt (catalytic amount), and DMAP (catalytic amount). The resulting mixture was stirred at room tem- 
perature for 15 hours. To the reaction mixture were added ethyl acetate (200 m) and water (200 ml). The ethyl acetate 

40 layer was washed with saturated brine (2 x 100 ml), dried over anhydrous magnesium sulfate, and distilled under 
reduced pressure to remove the solvent. The residue was purified by chromatography on a silica gel column, whereby 
from chloroform-methanol (20:1) eluate fractions, trans-4-(1-((5-chloro-2-fiuoro-4-(3-indazolylcarbonylamino)phenyl) 
acetyl)-(4S)-fluoro-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (223 mg, 44%) was obtained as a colorless solid. 
1 H-NMR (DMSO-d 6 ) 8: 1.20-1.35 (m, 2H), 1.36-1.54 (m, 2H), 1.96-2.12 (m, 4H), 2.20-2.58 (m, 3H), 3.24-4.12 (series 

45 of m, 10H), 4.36 and 4.47 (m, each, total 1H, due to double bond character of the C(0)-N bond in amide), 5.25 and 
5.38 (m, each, total 1 H, due to double bond character of the C(0)-N bond in amide), 7.26 (m, 1 H), 7.36-7.40 (m, 1 H), 
7.47-7.49 (m, 1H), 8.20 (t, J=13.4Hz, 1H), 8.33 (d, J=8.1Hz/ 1H), 9.50 (d, 3=8.1 Hz, 1H), 11.7 (s, 1H). 
MS (ESI)m/z589 (M++1). 



25 [1602] 
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(Step 7) Synthesis of trans-4«(1 -((5<hloro-24luoro-4-(3-inda20lylcaitonyiamino)phenyl)acetyl)-(4S)-f luoro-(2S)- 
pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1604] 



10 




[1605] Methyl trans-4-(1-((5-chloro-2-fluoro-4-(3-indazoIy!cart)onylamino)phenyl)acetyl)- (4S)-fluoro-(2S)-pyrrolidi- 
15 nyImethoxy)cyclohexanecarboxylate (223 mg, 0.379 mmol) was dissolved in THF (5 ml). To the resulting solution was 

added 0.25N NaOH (4 ml, 1 mmol). The resulting mixture was stirred at room temperature for 15 hours. The reaction 

mixture was poured in 1 N HCI (100 ml), followed by extraction with a chloroform-methanol mixture (5:1 , 2 x 100 ml). 

The extract was dried over anhydrous magnesium sulfate and distilled under reduced pressure to remove the solvent. 

The residue was purified by chromatography on a silica gel column, whereby from chloroform-methanol (10:1 to 5:1) 
20 eluate fractions, the title compound (125 mg, 57%) was obtained as a colorless amorphous substance. 

1 H-NMR (DMSO-d 6 ) 6: 1 .17-1.38 (m, 4H), 1 .86-2.23 (series of m, 7H), 3.17-4.37 (series of m, 8H), 5.26-5.49 (m, 1H), 

7.34 (t, J=7.6Hz, 1H) f 7.48-7.53 (m, 2H), 7.72 (d, J=8.3Hz, 1H), 8.12 (dd, J=11 .5,4.9Hz, 1H), 8.22 (d, J=8.3Hz, 1H), 

9.79 (s, 1H), 13.90 (brs, 1H). 

MS (ESI) m/z 575 (M + +1); 
25 Anal. Calcd for CgsH^CIFglVV. C, 58.49; H, 5.08; N, 9.74. 

Found: C, 58.32; H, 5.28; N, 9.22. 

Example 1 73 

30 trans-4-(1-((5-Chloro-2-fluoro-4-((1-m^ 

pyrrolidinylmethoxy)cyclohexanecarboxylic acid : 

(Step 1) Synthesis of benzyl (2S)-(N-(tert-butoxycarbonyl)amino-6-methyl-5-oxo)heptanoate 
35 [1606] 



O 



40 




[1 607] In THF (60 ml), isopropylmagnesium chloride (a 2.0M ether solution, 1 5.0 ml, 30.0 mmol) was added to benzyl 
45 1 -(tert-butoxycarbonyl)-L-pyroglutamate (8.02 g, 25.1 mmol) under stirring at -78°C. After stirring at the same temper- 
ature for 2.5 hours, the reaction mixture was acidified with a saturated aqueous solution of ammonium chloride and 
1N HCI at the same temperature. The resulting mixture was stirred at room temperature for 14 hours. The reaction 
mixture was concentrated under reduced pressure to remove the solvent, followed by extraction with ethyl acetate. 
The extract was washed with saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced 
so pressure to remove the solvent. The residue was purified by Biotage's flash column chromatography on silica gel, 
whereby from n-hexane/ethyl acetate (6:1, v/v) eluate fractions, benzyl (2S)-((tert-butoxycarbonyl)amino-6-methyl- 
5-oxo)heptanoate (1.79 g, 20%) was obtained as a pale yellow oil. 

1 H-NMR (CDCI 3 ) 8: 1.05 (d, J=7.0Hz, 6H), 1.43 (s, 9H), 1.92 (m, 1H), 2.10 (m, 1H), 2.42-2.58 (m, 3H), 4.31 (m, 1H), 
5.09 (m, 1H), 5.13 and 5.20 (AB q, J=12.2Hz, 2H), 7.35 (m, 5H); 
55 MS(ESI)m/z364(M++1). 
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(Step 2) Synthesis of (5S)-benzyIoxycarbonyl-2-isopropyl-1 -pyrrolidine hydrochloride 
[1608] 




[1 609] To benzyl (2S)-((tert-butoxycarbonyl)amino-6-methyl-5-oxo)heptanoate (3.83 g, 1 0.5 mmol) was added 4.0N 
HCI (a dioxane solution, 6 ml). The resulting mixture was stirred for 3 hours at room temperature. The reaction mixture 
was distilled under reduced pressure to remove the solvent to give (5S)-benzyloxycarbonyl-2-isopropyl-1 -pyrrolidine 
15 hydrochloride (3.05 g, 100 %) as a brown oil. 

1H-NMR (CDCI 3 ) 5: 1 .35 (d, J=7. 2Hz, 6H), 3.48 (m, 1 H) , 2.72 (m, 1 H), 2.42-2.58 (m, 3H), 3.56 (m, 1 H), 5.21 and 5.25 
(AB q, J=7.7Hz, 2H), 7.33-7.41 (m, 5H). 

(Step 3) Synthesis of 1-(tert-butoxycarbonyl)-(5R)-isopropyl-L-proline 

20 

[1610] 




30 [1611] In ethanol (20 ml) was dissolved (5S)-benzyloxycarbonyl-2-isopropyl-1 -pyrrolidine hydrochloride (3.05 g, 1 0.5 
mmol). To the resulting solution was added 1 0% palladium-carbon (750 mg) and the mixture was subjected to catalytic 
hydrogenation at room temperature under normal pressure for 18 hours. After removal of the catalyst by filtration, the 
filtrate was distilled under reduced pressure to remove the solvent, whereby a brown solid was obtained. The resulting 
product was dissolved in acetonitrile-water (1:1, vA/, 50 ml). To the resulting solution were added di-tert-butyl dicarbo- 

35 nate (2.29 g, 1 0.5 mmol) and triethylamine (2.93 ml, 21 .0 mmol) and the mixture was stirred at room temperature for 
2 hours. The reaction mixture was concentrated under reduced pressure to remove the solvent. To the residue was 
added 1N HCI, followed by extraction with ethyl acetate. The extract was washed with saturated brine, dried over 
anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. The residue was purified 
by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (1:1, v/v) eluate fractions, 1-(tert- 

40 butoxycarbonyl)-(5R)-isopropyl-L-proline (2.18 g, 81%) was obtained as a white solid. 

1 H-NMR (CDCI3) 5: 0.91 (m, 6H), 1 .48 (s, 9H), 1 .80-1 .86 (m, 2H), 1 .95-2.35 (series of m, total 4H), 3.73 (m, 1 H), 4.34 
(brs, 1H). 

MS (ESI) m/z 258 (M + +1). 
45 (Step 4) Synthesis of 1-(tert-butoxycarbonyl)-(5R)-isopropyl- (2S)-pyrrolidinylmethanol 
[1612] 



50 




55 

[1613] In THF (40 ml) was dissolved 1-(tert-butoxycarbonyl)-(5R)-isopropyl-L-proline (2.18 g, 8.48 mmol). To the 
resulting solution was added borane dimethyl sulfide (1 .70 ml, 17.0 mmol). The resulting mixture was stirred at 60°C 
for 2 hours. The reaction mixture was added with water at 0°C and then, distilled under reduced pressure to remove 
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the solvent. To the residue was added 1 N HCI, followed by extraction with ethyl acetate. The extract was washed with 
saturated brine, dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent. 
The residue was purified by chromatography on a silica gel column, whereby from n-hexane/ ethyl acetate (3:1, v/v) 
eluate fractions, 1-(tert-butoxycarbonyl)-(5R)-isopropyl-(2S)-pyrrolidinylmethanol (530 mg, 96%) was obtained as a 
colorless oil. 

1 H-NMR (CDCI 3 ) 5: 0.86 (d, J=6.8Hz, 3H), 0.92 (d, J=6.8Hz, 3H), 1.47 (s, 9H), 1.65 and 1.67 (s, total, 1H), 1.74 (m, 
3H), 1 .99 (m, 1 H) 3.52 (t, J=9.6Hz, 1 H), 3.66 (m, 2H), 4.00 (m, 1 H), 5.06 (m, 1 H). 
MS (ESI)m/z244 (M++1). 

(Step 5) Synthesis of methyl 4-(1 -(tert-butoxycarbonyl)-(5R)-isopropyl-(2S)-pyrrolidinylmethoxy)benzoate 



[1615] In THF (30 ml), DIAD (1 .85 ml, 9.39 mmol) was added dropwise to 1 -(tert-butoxycarbonyl)- (5R)-isopropyl- 
(2S)-pyrrolidinylmethanol (1 .90 g, 7.81 mmol), triphenylphosphine (2.46 ml, 9.38 mmol), and methyl 4-hydroxybenzoate 
(1 .19 g, 7.82 mmol). After completion of the dropwise addition, the reaction mixture was stirred at room temperature 
for 14 hours. From the reaction mixture, the solvent was distilled off under reduced pressure. The residue was purified 
by chromatography on a silica gel column, whereby from n-hexane/ethyl acetate (4:1, v/v) eluate fractions, methyl 
4-(1-(tert-butoxycarbonyl)-(5R)-isopropyl-(2S)-pyrrolidinylmethoxy)benzoate (2.97 g, 100 %) was obtained as a pale 
yellow oil. 

1 H-NMR (CDCI3) 5: 0.86 and 0.90 (d, J=6.8Hz, total 6H, due to double bond character of C(0)-N bond in amide), 
1 .26-1 .44 (m, 1 H), 1 .47 (s, 9H), 1 .79 (m, 2H), 1 .98 (m, 3H), 3.63 (m, 1 H), 3.88 (s, 3H), 4.1 6 (m, 1 H), 4.23 (m, 1 H), 6.94 
(d, J=8.8Hz, 2H) 7.97 (d, J=8.8Hz, 2H) . 
MS (ESI) m/z 378 (M + +1). 

(Step 6) Synthesis of methyl 4-(1-(tert-butoxycarbonyl)-(5R)-isopropyl-(2S)-pyrrolidinylmethoxy) 
cyclohexanecarboxylate 



[1 617] Methyl 4- (1 -(tert-butoxycarbonyl)-(5R)-isopropyl-(2S)-pyrrolidinylmethoxy)benzoate (2.97 g, 7.81 mmol) was 
dissolved in methylene chloride (15 ml). To the resulting solution was added trifluoroacetic acid (3.5 ml). After stirring 
for 3 hours at room temperature, the reaction mixture was distilled under reduced pressure to remove the solvent, 
whereby a yellow oil was obtained. The resulting yellow oil was dissolved in ethanol (35 ml). To the resulting solution 
was added rhodium-alumina (1 .40 g) and catalytic hydrogenation was effected for 14 hours under a hydrogen gas of 
1 2 atm. After removal of the catalyst by filtration, the filtrate was distilled under reduced pressure to remove the solvent, 
whereby a pale brown solid (1 .60 g) was obtained. The resulting compound was dissolved in acetonitrile- water (1 :1 , 
v/v, 40 ml). To the resulting solution were added di-tert-butyl dicarbonate (1.23 g, 5.63 mmol) and triethylamine (786 
jil, 5.64 mmol) and the mixture was stirred at room temperature for 2 hours. The reaction mixture was concentrated 
under reduced pressure to remove the solvent. To the residue was added 1N HCI, followed by extraction with ethyl 
acetate. The extract was washed with a saturated aqueous solution of sodium bicarbonate, dried over anhydrous 
magnesium sulfate, and distilled under reduced pressure to remove the solvent, whereby methyl 4-(1-(tert-butoxycar- 
bonyl)-(5R)-isopropyl-(23)-pyrrolidinylmethoxy)cyclohexanecarboxyiate (a pale yellow oil, 2. 1 8 g, 1 00 %) was obtained 



[1614] 




[1616] 
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as a mixture of cis-trans isomers (ca 4:1 , determined from 1 H-NMR spectrum). 

1 H-NMR (CDCI 3 ) 6: 0.81 and 0.88 (d, J=6.8Hz, total 6H, due to double bond character of C(0)-N bond in amide), 1 .45 
(s, 9H), 1.47-1.74 (series of m, total 4H), 1.79-1.92 (series of m, total 6H), 2.04 (s, 3H), 2.34 (m, 1H), 3.23 (m, 1H), 
3.47 (m, 1H), 3.56 (m, 2H), 3.67 (s, 3H), 3.91 (m, 1H). 

(Step 7) Synthesis of methyl trans-4-((5R)-isopropyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate 



[1619] Methyl 4-(1*(tert-butoxycarbonyl)-(5R)-isopropyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (2.18 g, 
5.54 mmol) and sodium methoxide (914 mg, 16.9 mmol) were heated under reflux for 14 hours in methanol (50 ml). 
After cooling to room temperature, the reaction mixture was concentrated under reduced pressure. To the residue was 
added 1N HCI, followed by extraction with ethyl acetate. The extract was washed with a saturated aqueous solution 
of sodium bicarbonate, dried over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the 
solvent, whereby a yellow oil was obtained. The resulting oil was dissolved in benzene (40 ml) and methanol (1 0 ml). 
To the resulting solution was added a 2M hexane solution (1.4 ml, 2.8 mmol) of trim ethylsilyldiazom ethane and the 
resulting mixture was stirred at room temperature for 2 hours. After addition of acetic acid (500 u.l, 0.30 mmol), the 
solvent was distilled off under reduced pressure. The residue was purified by chromatography on a silica gel column, 
whereby from n-hexane/ethyl acetate (6:1) eluate fractions, a trans isomer was obtained as a pale yellow oil (740 mg). 
The resulting product was dissolved in methylene chloride (12 ml). To the resulting solution was added trifluoroacetic 
acid (3 ml), and the mixture was stirred at room temperature for 2 hours. From the reaction mixture, the solvent was 
distilled off under reduced pressure. The residue was neutralized with a saturated aqueous solution of sodium bicar- 
bonate, followed by extraction with chloroform-methanol (5:1 , v/v). The extract was washed with saturated brine, dried 
over anhydrous magnesium sulfate, and distilled under reduced pressure to remove the solvent, whereby methyl trans- 
4-((5R)-isopropyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (567 mg, 35%) was obtained as a pale yellow sol- 
id. 

1 H-NMR (CDCI3) 5: 0.97 (d, J=6.4Hz, 3H), 1.11 (d, J=6.4Hz, 3H), 1.25 (m, 2H), 1.47 (m, 2H), 1.72 (m, 1H), 1.81 (m, 
1H), 1.89-2.11 (series of m, total 7H), 2.26 (tt, J=11.6,3.6Hz, 1H), 3.17 (m, 1H), 3.33 (tt, J=1 0.4,3.6Hz, 1H), 3.64 (m, 
1H),3.66 (s, 3H), 3.76 (m, 2H). 
MS (ESI) m/z 284 (M + +1) . 

(Step 8) Synthesis of methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(5R)- 
isopropyl-(2S)-pyrrotidinylmethoxy)cyclohexanecarboxylate 



[1621] In DMF (5 ml), EDC HCI (151 mg, 0.81 mmol), HOBt (2.5 mg, 0.02 mmol), and DMAP (2.5 mg, 0.02 mmol) 
were addedto (5-chloro-2-fluoro-4-((1-methyl-3-indoIylcarbonyl)amino)phenyl)acetic acid (171 mg, 0.54 mmol) and 
methyl trans-4-((5R)-isopropyl-(25)-pyrrolidinylmethoxy)cyclohexanecarboxylate (152 mg, 0.54 mmol) and the result- 
ing mixture was stirred at room temperature for 14 hours. Water was added to the reaction mixture, followed by ex- 
traction with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous magnesium sulfate, 



[1618] 




[1620] 
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and distilled under reduced pressure to remove the solvent. The residue was purified by chromatography on a silica 

gel column, whereby from chloroform-methanol (40:1, v/v) eluate fractions, methyl trans-4- (1-((5-chloro-2-fluoro- 

4-((1-methyl-3-indolylcartDonyl)amino^ 

late (1 59 mg, 50%) was obtained as a pale yellow oil. 

5 IR(ATR)v2945, 1730, 1637, 1514, 1400 cm" 1 ; 

1 H-NMR (CDCI 3 ) 5: 0.73 and 0.87 (d, J=6.8Hz, total 3H, due to double bond character of C(0)-N bond in amide), 0.81 
and 0.94 (d, J=6.8Hz, total 3H, due to double bond character of C(0)-N bond in amide), 1 .19 (m, 2H), 1 .39 (m, 2H), 
1.64 (m, 1H), 1.84-2.00 (series of m, total 6H), 1.96 (s, 3H), 2.21 (m, 1H), 2.28 (m, 1H), 3.16 (m, 1H), 3.34 (m, 2H), 
3.45 (m, 1H), 3.58 (s, 3H), 3.71 (m, 1H), 3.96 (m, 1H), 4.08 (m, 2H), 7.25 (m, 2H), 7.30 (m, 2H), 7.69 (m, 1H), 8.05 

10 (66, J=6.0, 2.8Hz, 1H), 8.18 (s, 1H), 8.39 and 8.41 (d, J=1 2.0Hz, total 1H, due to double bond character of C(0)-N 
bond in amide). 
MS (ESI)m/z626 (M + +1); 

Anal. Calcd for C^H^CIFNgOs 0.75 H 2 0: C, 63.84; H, 6.70; N ( 6.57. 
Found: C, 63.66; H, 6.59; N, 6.54. 

15 

(Step 9) Synthesis of trans-4-(1 -((5-chloro-2-fluoro-4-((1 -methyl-3-indolylcarbonyl)amino)phenyl)acetyl)-(5R)- 
isopropyl-(2S)-pyrrolidinylmethoxy)cyclohexanecarboxylic acid 

[1622] 

20 



25 




30 [1623] In THF (2 ml) and methanol (1 ml) was dissolved methyl trans-4-(1-((5-chloro-2-fluoro-4-((1-methyl-3-indolyl- 
carbonyl)amino)phenyl)acetyl)-(5R)-isopropyl- (2S)-pyrrolidinylmethoxy)cyclohexanecarboxylate (1 00 mg, 0.16 
mmol). To the resulting solution was added 0.25N NaOH (2 ml), and the resulting mixture was heated under reflux for 
2 hours at room temperature. After cooling to room temperature, the reaction mixture was concentrated under reduced 
pressure to remove the solvent. The concentrate was acidified with 1 N HCI. The crystals thus precipitated were col- 

35 lected by filtration under reduced pressure, washed with water and dried under reduced pressure to give the title 
compound (81 mg, 83%) as a white solid. 
IR (ATR) v 2937, 1724, 1620, 1514, 1402 cnv 1 ; 

1 H-NMR (DMSO-d 6 ) 5: 0.75 and 0.90 (d, J=6.4Hz, total 3H, due to double bond character of C(0)-N bond in amide), 
0.80 and 0.96 (d, J=6.4Hz, total 3H, due to double bond character of C(0)-N bond in amide), 1 .13-1 .23 (m, 3H), 1 ,33 
40 (m, 2H), 1 .71 (m, 2H), 1 .88 (m, 4H), 1 .98 (m, 2H), 2.11 (m, 1 H), 2.21 (m, 1 H), 3.21 (m, 3H), 3.72 (m, 2H), 4.1 6 (m, 1 H), 
7.18 (t, J=7.2Hz, 1H), 7.32 (d, J=7.2Hz, 1H), 7.47 (d, J=8.0Hz/ 1H), 7.75 (d, J=11.2Hz, 1H), 8.12 (d, J=7.6Hz, 1H), 
8.24 (s, 1H), 9.07 (s, 1H). 
MS (ESI)m/z612(M + +1); 

Anal. Calcd for C^HagCIFgl^Og: C, 64.75; H, 6.42; N, 6.86. 
45 Found: C, 64.54; H, 6.50; N, 6.73. 

Test 1 : In vitro evaluation of test compounds 

In vitro evaluation test (1) 

50 

[1624] CHO cells forcedly expressed by the transduction of integrins haa 4 and fa were seeded in a Coster 3599 
plate (3 x 1 0 4 cells/1 00 p.l/well) and they were cultured for 2 days. After the medium was washed with buffer A* twice, 
50 u.l/ well of Eu 3+ -hVCAM-1 DID7-lgG diluted to 2 nM with an assay buffer ** was added. To the resulting well was 
added 50 u,l/well of a test compound diluted with 2% DMSO-assay buffer (in the presence or absence of 6% human 
55 serum albumin) (to a well subjected to Scatchard analysis was added a solution diluted in another manner). After 
stirring for 5 minutes on a plate mixer, the plate was allowed to stand at room temperature for 1 hour. Then, the plate 
was washed four times with the buffer A and added with 1 00 nl/well of an enhancement reagent (DELFIA). The plate 
was shaken for 5 minutes on a plate mixer, followed by measurement of fluorescence intensity by a time-resolved 
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fluorometer (DELFIA Wallac). From the binding ratio available by the following calculation formula: ((F r F NS )-(F,-F NS )) 
/ (F r F NS ) x 100, the ICsq (concentration inhibiting 50% of binding of CHO cells with hVCAM-1 DID7-lgG) of the test 
compound was determined. In the above formula, F T means the fluorescence intensity of the well free of the test 
compound, F NS means the fluorescence intensity of the well free of the test compound and anti-ha 4 antibody (SG/73), 
5 and F, means the fluorescence intensity of the well containing the test compound. The Kd indicating the binding strength 
and Bmax (maximum binding) were estimated within a range of 0.06 to 20 nM in accordance with the Scatchard analysis 
method. The results are shown in Table 1. 
[1625] The value Ki was calculated based on: 



w 



Ki = 



IC, 



50 



i + iy 

Kd 



is ((L) means a ligand concentration). 

(* buffer A: 25 mM HEPES (pH 7.5), 150 mM NaCI, 1 mM Ca 2+ , 1 mM Mg 2+ , 4 mM Mn 2+ ; ** assay buffer: 25 mM 
HEPES (pH 7.5), 150 mM NaCI, 1 mM Ca 2+ , 1 mM Mg 2+ , 4 mM Mn 2+ , 0.1% BSA, 20 u.M DTPA, with/without 6% 
ALBUMIN, HUMAN SERUM (C/N A-1653, SIGMA)) 

20 in vitro Evaluation Test (2) 



[1 626] In a 96-well microplate, hVCAM-1 D1D7-lgG (600 ng/ml in TSM) was immobilized at 4°C (50 uJ/well). After 
blocking by the addition of 100 u.l/well of a 2% BSA-TSM solution, 150 uJ/well (2.1 x 10 5 /well) of Jurkat cells labeled 
with BCECF-AM and 50 uJ/well of a test compound were added and the plate was allowed to stand at 37°C for 1 hour: 

25 The test compound was adjusted to have a final concentration of 0.1 ng/ml to 1 00 ng/ml (0.5% DMSO). The well was 
filled with the below-described medium and sealed with a plate seal (product of Sumitomo Bakelite). The plate was 
then turned inside out and allowed to stand at room temperature for 30 minutes. Then, unbound cells were removed. 
After suction of the medium, the cells were solubilized with a 0.1% NP-40 solution and fluorescence intensity was 
measured by a fluorescence reader (excited at 485 nm/measured at 550 nM). From the binding ratio available by the 

30 following formula: ((F r F NS )-(F r F NS )) / (F r F NS ) x 1 00, the IC 50 (concentration inhibiting 50% of the binding of hVCAM- 
1 D1 D7-lgG with Jarkat cells) of the test compound was determined. In the above equation, F T means the fluorescence 
intensity of the well free of the test compound, F NS means the fluorescence intensity of the well free of the test compound 
and hVCAM-1 D1 D7-lgG, and F, means the fluorescence intensity of the well containing the test compound. 
(TSM: 25 mM Tris-HCI (pH 8.0)-150 mM NaCI-2 mM MgCI 2 ; medium: RPMI (FACS-free); BCECF-AM (Dojin Kagaku)) 

35 

Table 1 



Example 


Ki (nM) 


1 


30 


2 


17 


3 


40 


6 


14 


7 


7.1 


8 


24 


15 


2.2 


18 


7.8 


20 


3.9 


21 (Isomer G) 


382 


21 (Isomer H) 


2.5 


22 (Isomer B) 


3.5 


24 (Isomer A) 


14 


25 (Isomer A) 


18 
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Table 1 (continued) 



Example 


Ki (nM) 


26 (Isomer A) 


2 


30 


40 


31 


16 


33 


31 


34 


26 


36 


1.5 


37 


6.9 


38 


0.43 


39 


2.1 


40 


1.9 


41 


3.8 


43 


6 


44 


2 ! 


45 


8.8 


46 


37 


47 


5.8 


49 


4.4 


50 


13 


52 


10 


53 


32 


54 


5.6 


55 


8.5 


56 


2.1 


57 


7.3 


59 


7.2 


60 


6,3 


61 


2.3 


62 


3.4 


63 


3.1 


64 


0.31 


65 


4 


69 


34 


70 


7.2 


71 


18 


72 


4.4 


73 


51 


74 


7.7 


75 


21 
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Table 1 (continued) 





Example 


Ki (nM) 




76 


1-6 


5 


78 


14 




79 


4.5 




80 


12 


10 


81 


25 




82 


18 j 




83 


1.9 


to 


85 


6.4 


87 


9.1 




89 


3.6 




91 


2 


20 


92 


2.7 




95 


34 




96 


20 


25 


98 


3.6 


99 


17 




100 


5.5 




101 


8.1 


30 


102 


47 




104 


20 




105 


42 


35 


107 


11 


108 


21 




109 


25 




110 


7 


40 


111 


2.6 




112 


6.5 




114 


4.8 


45 


115 


30 


116 


2.5 




117 


5.1 




i 118 


6.9 


50 


119 


5.9 




120 


1.9 




121 


3.9 


55 


122 


29 


123 


5.8 




124 


1.4 
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Table 1 (continued) 





Example 


Ki (nM) 




125 


6.5 


5 


126 


2 




127 


9.7 




128 


2.7 


10 


129 


1.5 




130 


8.8 




131 


17 


15 


133 


22 


134 


3.1 




135 


19 




136 


5.4 


20 


137 


5.6 




138 


15 




139 


9.1 


25 


140 


1-8 


141 


21 




142 


18 




143 


17 


30 


144 


48 




145 


18 




146 


21 


35 


147 


40 


150 


10 




151 


37 




155 


20 


40 


156 


43 




159 


47 




160 


61 


45 


163 


39 


164 


6.4 




165 


2.9 




166 


7.9 ; 


50 


167 


0.87 




168 


59 




169 


16 


55 


170 


4.3 


171 


5 




172 


6.8 
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Table 1 (continued) 



Example 


Ki (nM) 


173 


10 



Test 2: In vivo evaluation of test compounds Transmigration test of eosinophils in the mice actively sensitized with 
ascaris (Ascaris suum antigen in pigs): 

[1627] It has been reported that eosinophil transmigration was induced by active sensitization with ascaris (Int. Arch. 
Immunol., 1 08, 1 1 -1 8(1 995)). Test compounds were evaluated in accordance with the method described in this litera- 
ture. Test compounds were each orally or subcutaneously administered two or three times a day. The total cell count 
and eosinophil count in BALF 48 hours after sensitization were calculated and effects were compared between the 
test-compound-administered group and a test-compound-free group. 
Inhibitory action against pleurisy of rat sensitized with Compound 48/80: 

[1628] By intrapleural^ inoculating 7-week-old male CD/IGS rats (Charles River Japan) with 50 u.g of Compound 
48/80 (Sigma), pleurisy was caused. The pleural exudate for 24 hours was collected together with the buffer and the 
number of eosophils in the exudate was counted. The test compound was orally or subcutaneously administered once 
or twice by using a proper solvent such as 0.5% MC (aqueous solution of methyl cellulose). Effects of it were compared 
with those of a test-compound-free group. 

Test 3: Evaluation of oral bioavailability by mouse bioassay 

[1629] A test compound was suspended or dissolved in a proper administration medium to give a concentration of 
1 mg/ ml. To 7 to 9 week old female Balb/ C mice, 1 0 mg/ kg of the resulting suspension or solution was orally admin- 
istered. Fifteen minutes after the administration, blood was collected from the postcava under anesthesia with ether 
and the serum was separated from it. The concentration of each test compound was determined by estimating the 
serum level from a calibration curve obtained with VCAM-1/VLA-4 inhibitory activity as an index or measuring the 
concentration by using LC/MS/MS. The results are shown in Table 2. 



Table 2 



35 



40 



45 



55 



Mouse Bioassay Evaluation Results 


Example No. 


Dose / kg 


Blood level 
(ng/ml) 


25 (Isomer A) 


10 


1094 


24 (Isomer A) 


10 


2179 


36 


10 


1099 


37 


10 


3687 


39 


10 


5157 


43 


10 


1194 


| 44 


10 


912 


49 


10 


508 


55 


10 


2029 


61 


10 


3316 


62 


10 


3196 


63 


10 


8551 


65 


10 


11473 


70 


10 


2803 


71 


10 


7339 


72 


10 


1878 
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Table 2 (continued) 





Mouse Bioassay Evaluation Results 


5 


Example No. 


Dose / kg 


Blood level 
(ng/ml) 




74 


10 


14058 




79 


10 


9372 


10 


83 


10 


1536 


87 


10 


15144 




89 


10 


10871 




91 


10 


2957 


15 


92 


10 


1987 




98 


10 


2211 




100 


10 


533 


20 


101 


10 


3144 


114 


10 


3450 




115 


10 


888 




116 


10 


9405 


25 


117 


10 


2927 




118 


10 


5733 




121 


10 


4406 


30 


123 


10 


705 




125 


10 


2570 




130 


10 


3591 




136 


10 


2504 


35 


138 


10 


1264 




139 


10 


2428 




141 


10 


8824 


40 


155 


10 


571 




164 


10 


2301 




165 


10 


816 




166 


10 


3068 


45 


169 


10 


21769 




170 


10 


3363 




171 


10 


2732 


50 


172 


10 


848 




173 


10 


3473 



Evaluation Example 4: Tests on pharmacokinetics and oral bioavailability 

[1 630] The pharmacokinetic parameter of the test compound orally administered to rats or dogs are described below. 
The results are shown in Table 3. 
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10 



15 



Table 3 

Evaluation of pharmacokinetics and oral bioavailability 



Tested 


Example 


Dose/kg 


AUC 1 
(ng-h/ml) 


F2(%) 


CLtot 3 
(mL/min/kg) 


Rat 


20 (IsomerA) 


2.0 


152 


35 


73 


21 (Isomer H) ' 


5,0 


14931 


52 


3.3 


Dog 


20 (Isomer A) 


2.0 


776 


44 


19.1 


21 (Isomer H) 


2.0 


759.9 


40 


17.9 



1 AUC (ngh/ml): total area under the plasma concentration (measured by LC/MS/MS method) versus time curve; 

2 F.(%): oral bioavailability; 

ScLtot (mLmiin/kg): apparent plasma clearance 



20 



25 



30 



Industrial Applicability 

[1 631 ] The invention compounds or salts thereof selectively inhibit the binding of cell adhesion molecules to VLA-4 
and exhibit high oral bioavailability so that they are usable as a preventive or remedy for various diseases mediated 
by migration and adhesion of leukocytes such as inflammatory diseases, autoimmune diseases, metastasis, bronchial 
asthma, rhinostenosis, diabetes, arthritis, psoriasis, multiple sclerosis, inflammatory intestinal diseases, and rejection 
upon transplantation. They are highly effective when orally administered and can be administered for a long period of 
time so that they are of high clinical utility. 



Claims 



1 . A compound represented by the following formula (I): 



35 



40 



45 



w 



R 



M 



(I) 



(wherein, W represents W A -A 1 -W B - 

(in which, W A represents a substituted or unsubstituted aryl group or a substituted or unsubstituted monovalent 
heterocyclic group, A 1 represents -NR 1 -, a single bond, -C(O)-, -C(0)NR 1 -, a substituted or unsubstituted vinylene 
group, an ethynylene group, -CR 1a R 1b -0- CR 1a =CR 1b -C(0)N R1 - or -CR 1a =CR 1b -C (O) - (in which, R 1 represents 
a hydrogen atom or a lower alkyl group, and R 1a and R 1b each independently represents a hydrogen atom or a 
lower alkyl group), and W 8 represents a substituted or unsubstituted arylene group or a substituted or unsubstituted 
divalent heterocyclic group); 

R represents a single bond, -NH-, -OCH 2 -, an aikenylene group or -(CH 2 ) n - (in which, n stands for 1 or 2); 

X represents -C(O)-, -CH 2 - or -S(0) 2 -, and 

M represents the following formula (iii), (iv) or (v): 



50 



55 
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(in which, 




(iii - a) 

represents a divalent 4-, 5-, 6- or 7-membered heterocyclic group (in which the nitrogen atom is bonded to X 
and Q represents a carbon, sulfur, oxygen or nitrogen atom), R 11 , R 12 and R 13 each independently represents 
a hydrogen atom, a hydroxyl group, an amino group, a halogen atom, a cyano group, a carboxyl group, an 
alkoxycarbonyl group, a carbamoyl group, a substituted or unsubstituted mono- or dialkylaminocarbonyl group, 
a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a substituted or unsub- 
stituted heteroaryl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted mono- 
or dialkylamino group, a substituted or unsubstituted cycloalkylamino group, a substituted or unsubstituted 
alkylsulfonylamino group, a substituted or unsubstituted arylsulfonylamino group, a substituted or unsubsti- 
tuted aryloxy group, a substituted or unsubstituted heteroaryloxy group, a substituted or unsubstituted benzy- 
loxy group, a substituted or unsubstituted alkylthio group, a substituted or unsubstituted cycloalkylthio group, 
a substituted or unsubstituted arytthio group, a substituted or unsubstituted alkylsulfonyl group, a substituted 
or unsubstituted cycloalkylsulfonyl group, or a substituted or unsubstituted arylsulfonyl group, or R 11 and R 12 
or R 12 and R 13 may be coupled to form, together with the atom constituting the heterocyclic group to which 
R 11 to R 13 are bonded, a 3 to 7-membered cyclic hydrocarbon or heterocycle (which may have, on the ring 
thereof, 1 to 3 substituents selected from a hydroxyl group, halogen atoms, an amino group, alkyl groups, 
alkoxy groups, aryl groups, aryloxy groups, alkylamino groups, a benzyloxy group and heteroaryl groups), R 14 
represents a hydrogen atom or a substituted or unsubstituted lower alkyl group, Y represents a single bond, 
-C(O)-, -C(0)NH-, or a linear or branched divalent aliphatic C^ 2 hydrocarbon group which may have a C 3 . 6 
spiro ring or may have one or more carbon atoms substituted with -O-, -S-, -S(0) 2 -, -C(O)- or -NY 1 - (in which, 
Y 1 represents a hydrogen atom or a lower alkyl group), Z represents a substituted or unsubstituted arylene 
group, a substituted or unsubstituted heteroarylene group or a substituted or unsubstituted cycloalkylene 
group, A 2 represents a single bond, an alkenylene group, an alkynylene group, -(CH 2 ) t - or -0(CH 2 ) v - (in which, 
t stands for 1 , 2 or 3 and v stands for 0, 1 , 2 or 3), and R 10 represents a hydroxy! or a lower alkoxy group), 
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1 Z 1 A 3 ^R1? 



R 16a 



(lv) 



(in which, 




(iv - a) 



represents a divalent 4-, 5-, 6- or 7-membered heterocyclic group (in which the nitrogen atom is bonded to X, 
and Q 1 represents a carbon, sulfur, oxygen or nitrogen atom), R 15 and R 16 each independently represents a 
hydrogen atom, a hydroxyl group, a halogen atom, a substituted or unsubstituted alkyl group or an alkoxy 
group, R 16a represents a hydrogen atom or a substituted or unsubstituted alkyl group, Y 3 represents -O-, -S-, 
-S{0) 2 -, -(CH 2 )fO- or -NY 4 -.(in which f stands for 1 , 2 or 3 and Y 4 represents a hydrogen atom or a lower alkyl 
group), Z 1 represents a substituted or unsubstituted arylene group, a substituted or unsubstituted heter- 
oarylene group or a substituted or unsubstituted cycloalkylene group, A 3 represents a single bond, an alke- 
nylene group, an alkynylene group or -(CH 2 ) e - (in which e stands for 1 , 2 or 3), and R 17 represents a hydroxyl 
group or a lower alkoxy group), 



(in which, R 18 represents -NR 20 - (in which R 20 represents a hydrogen atom, a substituted or unsubstituted 
alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted aryl group, a sub- 
stituted or unsubstituted benzyl group, a substituted or unsubstituted lower alkenyl group or a substituted or 
unsubstituted alkynyl group), Z 2 represents a linear or branched divalent aliphatic hydrocarbon group 
which may have a C 3 . 6 spiro ring, may have one or more carbon atoms substituted with a divalent C3_ 8 cy- 
cloalkylene group or may have one or more carbon atoms substituted with -0-, -S-, -S(0) 2 - t -C(O)- or - NR 21 - 
(in which, R 21 represents a hydrogen atom or a substituted or unsubstituted lower alkyl group), Q 2 represents 
a single bond, a substituted or unsubstituted arylene group, a substituted or unsubstituted heteroarylene group 
or a substituted or unsubstituted cycloalkylene group, L stands for a single bond, a substituted or unsubstituted 
lower alkylene group or a substituted or unsubstituted lower alkenylene group, or R 19 represents a hydroxyl 
or a lower alkoxy group)); or salt thereof. 

A compound or salt according to Claim 1 , wherein W represents the following formula (i) or (ii): 



| R !S Z 2 



Q 2 



(v) 



R 19 
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W 1 -A 1 -W 2 - 



(i) 



10 



(wherein, W 1 represents a substituted or unsubstituted aryl group or a substituted or unsubstituted monovalent 
heterocyclic group, A 1 represents -NR 1 -, a single bond, -C(O)-, -C(0)NR 1 -, a substituted or unsubstituted vinylene 
group, an ethynylene group, -CR 1a R 1b -0-, -CR 1a =R 1b -C(0)NR 1 - or -CR 1a =R 1b -C(0)- (in which, R 1 represents a 
hydrogen atom or a lower alkyl group, and R 1a and R 1b each independently represents a hydrogen atom or a lower 
alkyl group), and W 2 represents a substituted or unsubstituted divalent bicyclic heterocyclic group), 



W 3 -A 1 -W 4 - 



(ii) 



15 



20 



(wherein, W 3 represents a substituted or unsubstituted monovalent bicyclic heterocyclic group, A 1 represents 
-NR 1 - , a single bond, -C(O)-, -C(O) NR 1 -, a substituted or unsubstituted vinylene group, an ethynylene group, 
-CR 1a R 1b -0-, -CR 1a =CR 1b -C(0) NR 1 - or -CR 1a =CR 1b -C(0)- (in which, R 1 represents a hydrogen atom or a lower 
alkyl group, and R 1a and R 1b each Independently represents a hydrogen atom or a lower alkyl group), and W 4 
represents a substituted or unsubstituted arylene group or a substituted or unsubstituted divalent monocyclic het- 
erocyclic group). 

3. A compound or salt according to Claim 2, wherein W 2 represents the following formula (i-a), (i-b) or (i-c): 



25 



30 



0-a) 




(i-b) 



0-c) 
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45 



(wherein, the bonding on the left side is to A 1 , the bonding on the right side is to R, X 1 represents an oxygen or 
sulfur atom, and R 2 and R 3 each independently represents a hydrogen atom, a halogen atom, a lower alkyl group, 
a hydroxyl group, a lower alkoxy group or an amino group, with the proviso that A 1 is not -NR 1 - when W 2 is (i-b) 
or (i-c)) 

4. A compound or salt according to Claim 2 or 3, wherein W 3 represents any one of the following formulas (ii-a) to (ii-j): 




(ii-a) 







C»i-c) 



(U-d) 



<ii-e) 
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(ii-h) 



(N-i) 



(ii-j) 
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(in which, X 2 represents an oxygen or sulfur atom, R 4 and R 5 each independently represents a hydrogen atom, a 
halogen atom, a lower alkyl group, a hydroxyl group, a lower alkoxy group or an amino group, R 6 and R 7 each 
independently represents a hydrogen atom or a lower alkyl group, and R 8 , R 9 , R 8 * and R 9a each independently 
represents a hydrogen atom, a halogen atom, a lower alkyl group, a hydroxyl group, a lower alkoxy group or an 
amino group, with the proviso that when W 3 represents (ii-c) or (ii-d), A 1 does not represents -NR 1 -) . 

5. A compound or salt according to Claim 1 , wherein W represents the formula (i). 

6. A compound or salt according to any one of Claims 1 to 5, wherein A 1 represents a single bond, a group -NH or 
-C(0)NH-. 

7. A compound or salt according to any one of Claims 1 to 6, wherein M represents the formula (iii). 

8. A compound or salt according to Claim 7, wherein the formula (iii-a) represents a pyrrolidine ring. 

9. A compound or salt according to Claim 7 or 8, wherein Y represents -CH 2 0-, -CH 2 S-, -CH 2 S(0) 2 -, -(CH 2 ) 2 -, 
-CH=CH-, -CeC- or-CH 2 NY 1 -. 

10. A compound or salt according to Claim 7 or 8, wherein Y represents -CH 2 0-. 

1 1 . A compound or salt according to any one of Claims 7 to 1 0, wherein A 2 represents a single bond and R 10 represents 
a hydroxyl or lower alkoxy group. 

12. A compound or salt according to Claim 3, wherein in the formula (i-a), X 1 represents an oxygen atom and the 
bonding on the right side is to R at the 6-position of benzoxazole. 

13. A medicament comprising a compound or salt as claimed in any one of Claims 1 to 12. 

14. A medicament according to Claim 13, which is a preventive and/or remedy of a disease caused by cell adhesion. 

1 5. A medicament according to Claim 1 4, wherein the disease caused by cell adhesion is selected from inflammatory 
diseases, autoimmune diseases, metastasis, bronchial asthma, rhinostenosis, diabetes, arthritis, psoriasis, mul- 
tiple sclerosis, inflammatory intestinal diseases and rejection upon transplantation. 

1 6. A pharmaceutical composition comprising a pharmaceutical ly acceptable carrier and a compound or salt as claimed 
in any one of Claims 1 to 1 2. 

17. Use of a compound or salt of Claim 1 for the preparation of a medicament. 

18. A treating method of a disease caused by cell adhesion, which comprises administering a compound or salt as 
claimed in Claim 1. 
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The chemical structures common to the compounds represented by the 
structural formula in claim 1 are only nitrogen attached to X and oxocarbonyl 
at the end of M, and the other moieties are changeable. As described above, 
many compounds having such chemical structures are publicly known, and the 
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